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ABSTRACT
I t  was th e  purpose o f  t h i s  s tu d y  to  compare th e  e f f e c t s  o f  
iso m e tr ic  e x e rc is e  a t  95°, 125°, and 155° o f  knee e x te n s io n ; 
i s o to n ic  e x e rc is e  from 90° th ro u g h  180° o f  knee e x te n s io n ; and a  
c o n tr o l  group p a r t i c ip a t in g  o n ly  in  a  p h y s ic a l  ed u ca tio n  a c t i v i t y  
c l a s s ,  on ( l )  iso m e tr ic  s tr e n g th  a t  95°, 125°, and 155° o f  knee 
e x te n s io n , (2) is o to n ic  s tr e n g th  from 90° th ro u g h  180° o f  knee 
e x te n s io n , and (3) v e r t i c a l  jumping a b i l i t y .
One hundred tw en ty  m ale underg raduate  s tu d e n ts  were random ly 
d iv id e d  in to  f iv e  groups o f  tw e n ty -fo u r  s u b je c ts  each . A ll  groups 
p a r t ic ip a te d  in  a one week f a m i l i a r i t y  ro u tin e  in  which th e y  
ex p erien ced  a l l  t e s t in g  and t r a in in g  m ethods. A ll  s u b je c ts  were 
th e n  a d m in is te re d  iso m e tr ic  s tr e n g th  t e s t s  a t  95°» 125° , and 155° 
a n g le s  o f  knee e x te n s io n ; an is o to n ic  s tr e n g th  t e s t  from 90° th rough  
180° o f knee e x te n s io n ; and a  v e r t i c a l  jump t e s t .
Groups I ,  I I ,  and I I I  th e n  t r a in e d  a t  95 °, 125°, and 155° 
a n g le s  o f knee e x te n s io n , r e s p e c t iv e ly .  The t r a in in g  ro u tin e  
c o n s is te d  o f  a  s in g le  ten -se co n d  iso m e tr ic  c o n tra c t io n  perform ed 
each  t r a in in g  day , th r e e  days a  week. Group IV t r a in e d  i s o to n ic a l ly  
from  90° th ro u g h  180° o f  knee e x te n s io n  th r e e  days a  week f o r  te n  
seconds each day w ith  th e  4-KM. Group V was th e  c o n tro l  group and 
p a r t ic ip a te d  o n ly  in  th e  p h y s ic a l  ed u ca tio n  a c t i v i t y  c la s s e s .  A ll  
s u b je c ts  were e n ro l le d  in  p h y s ic a l  ed u ca tio n  a c t i v i t y  c la s s e s  in  
a d d i t io n  to  th e  t r a in in g  program .
ix
During th e  seven th  t r a in in g  week a l l s u b je c ts  re p e a te d  th e  
f a m i l i a r i t y  ro u tin e  and th e  fo llo w in g  week a l l  s u b je c ts  were admin­
i s t e r e d  th e  f i n a l  t e s t  in  a l l  f iv e  t e s t i n g  s i t u a t io n s .
The t  t e s t  was a p p lie d  to  determ ine th e  s ig n if ic a n c e  o f th e  
d if f e r e n c e  between i n i t i a l  and f i n a l  t e s t  means f o r  each group on 
each t e s t .  The a n a ly s is  o f  co v arian ce  tech n iq u e  was a p p lie d  to  
de term in e  th e  com parative e f f e c t iv e n e s s  o f  th e  t r a in in g  methods on 
th e  c r i t e r i o n  t r a i t s .  S ig n if ic a n t  F - r a t io s  were found on th e  95° 
and 125° iso m e tr ic  t e s t s  as  w e ll  a s  th e  is o to n ic  t e s t ,  and th e  
o r th o g o n a l com parison te ch n iq u e  was a p p lie d  to  determ ine where th e  
s ig n i f i c a n t  d if f e r e n c e s  e x is te d  among th e  groups on th e  c r i t e r io n  
t r a i t s .
W ith in  th e  l im i t a t io n s  o f  t h i s  s tu d y , th e  fo llo w in g  con­
c lu s io n s  were s e t  f o r th :
1 . Iso m e tr ic  t r a in in g  a t  a  95° an g le  o f  knee e x ten s io n
was s u p e r io r  to  iso m e tr ic  t r a in in g  a t  e i t h e r  125° o r  155° 
in  im proving iso m e tr ic  s tre n g th  a t  th e  95° a n g le . At 
125° and 155°j iso m e tr ic  s tr e n g th  was s ig n i f i c a n t ly  
improved by iso m e tr ic  e x e rc is e  a t  a l l  th r e e  t r a in in g  
a n g le s , b u t no s ig n i f ic a n t  d if f e re n c e  e x is te d  among th e  
th re e  iso m e tr ic  t r a in in g  te c h n iq u e s .
The above co n c lu s io n  in d ic a te d  th a t  p o s i t io n  s p e c i f i c i t y  
o f  s tr e n g th  g a in s  was found o n ly  a t  th e  95° a n g le . 
T h e re fo re , iso m e tr ic  e x e rc is e  should  be perform ed a t  95°
i f  s tr e n g th  i s  to  be developed a t  th a t  a n g le , b u t iso m e tr ic  
e x e rc is e s  a t  95°,  125°, o r  155° a re  e q u a lly  e f f e c t iv e  in  
b r in g in g  about s tre n g th  g a in s  a t  125° o r  155° o f knee 
e x te n s io n ,
2 . I s o to n ic  t r a in in g  was s u p e r io r  to  th e  th r e e  iso m e tr ic  
t r a in in g  methods in  develop ing  is o to n ic  knee ex ten so r 
s t r e n g th .  A ll  th re e  iso m e tr ic  t r a in in g  te c h n iq u e s  d id  
s ig n i f i c a n t ly  improve is o to n ic  knee e x te n so r  s tr e n g th .
3 . There were no s ig n i f i c a n t  d if f e re n c e s  among th e  th re e  
iso m e tr ic  t r a in in g  te c h n iq u e s  and th e  is o to n ic  t r a in in g  
te c h n iq u e  in  im proving v e r t i c a l  jumping a b i l i t y  and a l l  
fo u r  methods produced s ig n i f i c a n t  g a in s  in  v e r t i c a l  




Iso m e tr ic  c o n tra c t io n  e x e rc is e  has  become an im p o rtan t f a c e t  
o f  a  m a jo r i ty  o f  th e  p h y s ic a l  f i t n e s s  program s advocated  to d a y . As 
w ith  many p o p u la r co n ce p ts , iso m e tr ic  e x e rc is e  has i t s  d is s e n te r s  
a s  w e ll  a s  p ro p o n en ts . The q u e s tio n  a s  to  e x a c t ly  what b e n e f i t s  can 
be d e r iv e d  from  iso m e tr ic  e x e rc is e  has f r e q u e n tly  been ask ed . The 
q u e s tio n e r  ex p e c ts  th e  answ er to  be backed by s c i e n t i f i c a l l y  d e r iv e d  
f a c t s ,  n o t e m p ir ic a l  o p in io n . The answ er, i f  b ased  on sound re s e a rc h , 
w i l l  undoub ted ly  be in c o n c lu s iv e .
A g re a t  m a jo r i ty  o f  th e  re se a rc h  has found t h a t  iso m e tr ic  
e x e rc is e  in c re a se d  s tr e n g th  m easured b o th  is o m e tr ic a l ly  and 
i s o to n ic a l ly .  The f in d in g s  re g a rd in g  th e  e f f e c t s  o f  iso m e tr ic s  on 
such f a c to r s  a s  m uscu lar endurance, c a rd io v a sc u la r  en d u ran ce , 
e x p lo s iv e  f o r c e ,  speed o f  movement, r e a c t io n  tim e and movement s k i l l  
a r e  n o t a s  c o n c lu s iv e .
Many s p e c i f ic  q u e s tio n s  such as th e  fo llo w in g  have d i r e c t  
b e a r in g  on th e  f i n a l  e v a lu a tio n  o f  iso m e tr ic  e x e rc is e :  Does iso m e tr ic  
e x e rc is e  b r in g  about s tre n g th  g a in s  th ro u g h o u t th e  range o f  motion 
o r  i s  p o s i t io n  s p e c i f i c i t y  invo lved?  I f  p o s i t io n  s p e c i f i c i t y  i s  
in v o lv e d , does i t  d i f f e r  from m uscle group to  m uscle group? What 
a re  th e  b o u n d aries  o f  th e  p o s i t io n  s p e c i f i c i t y  and do th e y  d i f f e r  
betw een m uscle g roups? I s  p o s i t io n  s p e c i f i c i t y  a  f a c to r  t o  be
2
c o n s id e red  in  s e le c t in g  th e  p ro p e r a n g le (s )  a t  which to  e x e rc is e ?  
May s tr e n g th  g a in ed  i s o m e tr ic a l ly  be e f f e c t iv e ly  u t i l i z e d  in  move­
ment? Although a  few  s tu d ie s  have been com pleted concern ing  th e s e  
q u e s tio n s ,  l i t t l e  agreem ent has been reach ed  as  to  th e  answ ers.
The in v e s t ig a t io n  h e re in  s e t  f o r th  does n o t subm it to  
answ ering  a l l  o f  th e  above q u e s tio n s  n o r  does i t  p re se n t a b so lu te  
co n c lu s io n s  re g a rd in g  th e  ex p re ssed  purpose h e re in  s ta t e d .  However, 
th e  in v e s t ig a t io n  was u n d ertak en  w ith  th e  id e a  t h a t  i t  m ight shed 
more l i g h t  on a  few o f  th e  c o n tr o v e r s ia l  a s p e c ts  o f  iso m e tr ic  
e x e r c is e .  I t  was hoped t h a t  th e  s tu d y  would be o f  v a lu e  t o  th e  
p h y s ic a l  ed u ca tio n  and p h y s ic a l  r e h a b i l i t a t i o n  f i e l d s  in  th e  
fo llo w in g  ways:
1 . I t  should  in c re a se  th e  knowledge a s  to  th e  v a lu e  o f  
iso m e tr ic  e x e rc is e  f o r  im proving perform ance in  dynamic 
s tr e n g th  movements.
2 . I t  should  in c re a s e  th e  knowledge a s  t o  w hether o r  n o t 
is o to n ic  e x e rc is e  b r in g s  about a  s p e c i f i c i t y  o f  s tr e n g th  
g a in s .
3 .  I t  should  in c re a s e  th e  knowledge a s  t o  w hether o r  n o t 
iso m e tr ic  e x e rc is e  b r in g s  about a  s p e c i f i c i t y  o f  s tr e n g th  
g a in s .
I .  STATEMENT OF THE PROBLEM
The purpose o f  t h i s  s tu d y  was t o  in v e s t ig a te  th e  e f f e c t s  o f  
i s o la te d  iso m e tr ic  and i s o to n ic  e x e rc is e s  on s e le c te d  m easures o f
iso m e tr ic  and i s o to n ic  s tr e n g th  in  th e  same range o f  m otion and on 
dynamic e x p lo s iv e  movement in v o lv in g  th e  same ran g e  o f  m otion.
The s p e c i f ic  problem s o f  th e  s tu d y  w ere:
1 . To compare th e  e f f e c t s  o f  an iso m e tr ic  h ip  p r e s s  e x e rc is e  
a t  one s p e c i f ic  an g le  o f  knee e x te n s io n  on iso m e tr ic  h ip  
p re s s  s tr e n g th  sc o re s  a t  a  s p e c i f ic  an g le  o f  th e  le g  on 
th e  th ig h  (95%  12 5 °, 155°) and an is o to n ic  s tre n g th  sco re  
(l-RM) in  th e  same range o f  m otion .
2 . To compare th e  e f f e c t s  o f  an i s o to n ic  h ip  p re s s  e x e rc is e  
th ro u g h  a  s p e c i f ic  range o f  m otion on iso m e tr ic  h ip  
p re s s  s t r e n g th ' s c o re s  a t  a  s p e c i f ic  a n g le  o f  th e  le g  on 
th e  th ig h  (9 5 ° , 125% 155°) and an is o to n ic  s tr e n g th  
sco re  (l-RM) in  th e  same range o f  m otion .
3 .  To compare th e  e f f e c t s  o f  an iso m e tr ic  h ip  p r e s s  e x e rc is e  
a t  one s p e c i f ic  an g le  o f  knee e x te n s io n  (95°* 125% 155°) 
and an is o to n ic  h ip  p r e s s  e x e rc is e  th ro u g h  a  s p e c i f ic  
range o f  m otion on v e r t i c a l  jumping a b i l i t y .
I I .  DELIMITATION OF THE STUDY
The s u b je c ts  were m ale s tu d e n ts  e n ro l le d  in  th e  re q u ire d  
p h y s ic a l  ed u ca tio n  a c t i v i t y  program  a t  C e n tra l M isso u ri S ta te  
C o lleg e , W arrensburg, M isso u ri d u rin g  th e  te n  week summer te rm  o f 
1966. A ll  v a r s i t y  a th le te s  and s tu d e n ts  who were p a r t i c ip a t in g  in  an 
e x tr a  c la s s  c o n d itio n in g  program  were excluded  from th e  s tu d y . Any
s tu d e n t in  a  r e s t r i c t e d  a c t i v i t y  program  due to  a p h y s ic a l  im pairm ent 
was excluded  from th e  s tu d y .
I I I .  LIMITATIDNS OF THE STUDY
A ll s u b je c ts  were asked  to  r e f r a i n  from  v ig o ro u s  p h y s ic a l  
a c t i v i t y  o th e r  th a n  th a t  re q u ire d  in  th e  p h y s ic a l  e d u c a tio n  c la s s e s .  
There was no way o f  e n fo rc in g  t h i s  r e q u e s t .
IV. DEFINITION OF TERMS
Angle o f  th e  le g  on th e  t h ig h . The an g le  form ed a t  th e  knee 
j o i n t  when one a m  o f  a  goniom eter was p la c e d  a lo n g  th e  f r o n t a l  
m id lin e  o f  th e  th ig h  and th e  o th e r  gon iom eter a m  was p la c e d  in  a  
f r o n t a l  p lan e  on a  l i n e  betw een th e  l a t e r a l  m a lleo lu s  and th e  l a t e r a l  
condyle o f  th e  t i b i a .
F a m i l ia r i ty  program . A one week program  p r io r  t o  th e  a c tu a l  
t e s t i n g  s i t u a t io n  d u rin g  which th e  s u b je c ts  p a r t i c ip a te d  in  numerous 
t e s t i n g  and t r a in in g  e x p e r ie n c e s .
Hip p r e s s . An e x e rc is e  ( e i t h e r  iso m e tr ic  o r  i s o to n ic )  in  
which th e  s u b je c t  assumed a  s ta n d in g  p o s i t io n  w ith  th e  knees f le x e d  
and th e  back p a r a l l e l  t o  th e  f lo o r .  The s u b je c t  a tte m p te d  t o  ex ten d  
th e  k n ee , p re s s in g  th e  h ip s  upward a g a in s t  a  movable o r  immovable 
r e s i s t a n c e .
Iso m e tr ic  m uscu lar c o n tr a c t io n . A m uscular c o n tra c t io n  in  
which te n s io n  was developed  a g a in s t  a  r e s i s ta n c e  t h a t  p ro h ib i te d  
movement.
Iso m e tr ic  m uscu lar s t r e n g th . The degree to  which a  group o f  
m uscles e x e r te d  fo rc e  th ro u g h  a  c o n tr a c t io n  o f  th e  m uscle f i b e r s  a s  
m easured by an iso m e tr ic  s tr e n g th  re c o rd in g  d ev ic e .
I s o to n ic  m uscu lar c o n tr a c t io n . A m uscular c o n tr a c t io n  in  
which te n s io n  was developed a g a in s t  a  r e s i s ta n c e  t h a t  allow ed  
movement.
I s o to n ic  m uscu lar s t r e n g th . The d eg ree  to  which a  group o f 
m uscles e x e r te d  fo rc e  th ro u g h  c o n tra c t io n  o f  th e  m uscle f i b e r s ;  
m easured by th e  a b i l i t y  t o  l i f t  a  s p e c i f ie d  w eight a  c e r ta in  
d i s ta n c e .
1-RM. One r e p e t i t i o n  maximum. The maximum w eigh t which 
co u ld  be moved th e  d e s ig n a te d  d is ta n c e  once o n ly .
n ic h a rd  A. B e rg e r, "D eterm ina tion  o f  th e  R e s is ta n c e  Load 
f o r  1-RM and 10-RM," Jo u rn a l  o f  th e  A sso c ia tio n  f o r  P h y s ic a l  and 
M ental R e h a b i l i ta t io n " ~XV (19% l), 108.
CHAPTER II
REVIEW OF RELATED LITERATURE
I .  INTRODUCTION
The com parative c o n tr ib u tio n s  o f  s t a t i c  c o n tra c t io n  ( is o m e tr ic )  
e x e rc is e  and p ro g re s s iv e  r e s is ta n c e  ( is o to n ic )  e x e rc is e  a re  a  
m a tte r  o f  concern t o  th e  p h y s ic a l e d u ca tio n  and p h y s ic a l  r e h a b i l i t a ­
t i o n  p ro fe s s io n s .  A lthough an a f f lu e n c e  o f  re se a rc h  h as  been 
com pleted  concern ing  t h e i r  com parative e f f e c t s ,  th e  c o n t r o v e r s ia l  
f in d in g s  o f  t h i s  v ery  re se a rc h  d i c t a t e s  t h a t  f u r th e r  in v e s t ig a t io n s  
be conducted . The d iv e r s i t y  o f  th e  f in d in g s  i s  e v id e n t in  th e  
l i t e r a t u r e  h e re in  rev iew ed .
The concept t h a t  iso m e tr ic  e x e rc is e  i s  cap ab le  o f  develop ing  
s tr e n g th  i s  c e r t a in ly  n o t new. Lorback-*- n o te d  t h a t  from  1928 
th ro u g h  1930 th e re  was a  s e r i e s  o f  s tu d ie s  com pleted a t  S p r in g f ie ld  
C o lle g e , S p r in g f ie ld ,  M assachusetts  by E lb e l ,^  G runberg ,^
^M elvin M. L orback , nA Study Comparing th e  E f fe c t iv e n e s s  o f 
S h o rt P e r io d s  o f  S t a t i c  C o n tra c tio n  to  S tan d ard  W eight T ra in in g  
P ro ced u res in  th e  Development o f  S tre n g th  and M uscle G ir th "  (m icro - 
carded  M a s te r 's  t h e s i s ,  P ennsy lvan ia  S ta te  U n iv e rs i ty ,  1955).
^Edwin R. E lb e l ,  "A Study in  S h o rt S t a t i c  S tre n g th  o f  M uscles" 
(un p u b lish ed  M a s te r 's  t h e s i s ,  I n te r n a t io n a l  Young Men’ s C h r is t ia n  
A sso c ia tio n  C o lleg e , S p r in g f ie ld ,  M assach u se tts , 1928).
^A rthur A. G runberg, "Short S t a t i c  C o n tra c tio n  a s  an  Aid in  
C o rre c tiv e  G ym nastics" (unpub lished  M a s te r 's  t h e s i s ,  I n te r n a t io n a l
Men’s C h r is t ia n  A sso c ia tio n  C o lleg e , S p r in g f ie ld ,  M assach u se tts ,
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The com parative c o n tr ib u t io n s  o f  s t a t i c  c o n tra c t io n  ( iso m e tr ic )  
e x e rc is e  and p ro g re s s iv e  r e s i s ta n c e  ( is o to n ic )  e x e rc ise  a re  a  
m a tte r  o f  concern  to  th e  p h y s ic a l  ed u c a tio n  and p h y s ic a l  r e h a b i l i t a ­
t i o n  p r o fe s s io n s .  A lthough an a f f lu e n c e  o f  re se a rc h  h a s  been 
com pleted concern ing  t h e i r  com parative e f f e c t s ,  th e  c o n tr o v e r s ia l  
f in d in g s  o f  t h i s  v e ry  re s e a rc h  d i c t a t e s  t h a t  f u r th e r  in v e s t ig a t io n s  
be conducted . The d iv e r s i t y  o f th e  f in d in g s  i s  e v id e n t in  th e  
l i t e r a t u r e  h e re in  rev iew ed .
The concept t h a t  iso m e tr ic  e x e rc is e  i s  capab le  o f  develop ing  
s tr e n g th  i s  c e r ta in ly  n o t new. Lorback^ n o te d  th a t  from  1928 
th ro u g h  1930 th e re  was a  s e r i e s  o f  s tu d ie s  com pleted a t  S p r in g f ie ld  
C o lle g e , S p r in g f ie ld ,  M assach u se tts  by E lb e l ,^  G runberg,^
^M elvin M. L orback , "A Study Comparing th e  E ffe c tiv e n e s s  o f 
S h o rt P e r io d s  o f  S t a t i c  C o n tra c tio n  to  S tan d ard  Weight T ra in in g  
P ro ced u res  in  th e  Development o f  S tre n g th  and Muscle G ir th "  (m icro- 
ca rd ed  M aste r’ s t h e s i s ,  P en n sy lv an ia  S ta te  U n iv e rs i ty ,  1955).
^Edwin R. E lb e l ,  "A Study in  S hort S t a t i c  S tre n g th  o f  M uscles" 
(u n p u b lish ed  M a s te r 's  t h e s i s ,  I n te r n a t io n a l  Young Men’ s C h r is t ia n  
A sso c ia tio n  C o lleg e , S p r in g f ie ld ,  M assach u se tts , 1928).
^A rthur A. G runberg, "S hort S t a t i c  C o n trac tio n  a s  an Aid in  
C o rre c tiv e  G ym nastics" (u n p u b lish ed  M aste r’ s t h e s i s ,  I n te r n a t io n a l  
Young M en's C h r is t ia n  A sso c ia tio n  C o lleg e , S p r in g f ie ld ,  M assach u se tts , 
1929).
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L a b re e ,^  and Hughes^ re g a rd in g  th e  e f f e c t s  o f  a  s h o r t  s t a t i c  m uscular 
c o n tra c t io n  on th e  developm ent o f  s tr e n g th .  The f in d in g s  o f  th e s e  
s tu d ie s  in d ic a te d  t h a t  s t r e n g th  could  be in c re a se d  by s h o r t  s t a t i c  
c o n tr a c t io n  e x e r c is e .
R asch ,^  a f t e r  an e x te n s iv e  review  o f  th e  l i t e r a t u r e ,  a t t r i ­
b u te s  th e  f in d in g s  o f  H e tt in g e r  and M u lle r ,?  p u b lish e d  in  1953, as 
b r in g in g  th e  concept o f  iso m e tr ic  c o n tra c t io n  e x e rc ise  t o  i t s  p re se n t 
prom inence.
The work o f  H e ttin g e r  and M uller was review ed by  S te in h au s  a t  
th e  1954 m eeting  o f  th e  C o lleg e  P h y sic a l E d u ca tio n  A sso c ia tio n . The 
fo llo w in g  a re  t h e i r  f in d in g s  a s  re p o rte d  a t  t h a t  m eeting .
M uscle s tr e n g th  in c re a s e s  an average o f  5% p e r  week when 
th e  t r a in i n g  lo a d  i s  a s  l i t t l e  as  1 /3  o r  even l e s s ,  o f  
maximum s tr e n g th .
Muscle s t r e n g th  in c re a se s  more r a p id ly  w ith  in c re a s in g
^Lawrence W. L abree , "A Study o f  S h o rt S ta t i c  C o n tra c tio n s  
a s  an Aid in  th e  Departm ent o f  C o rre c tiv e  and Remedial G ym nastics 
in  U n iv e r s i t ie s  and C o lleg es"  (unpub lished  M a s te r 's  t h e s i s ,  
I n te r n a t io n a l  Young Men's C h r is t ia n  A sso c ia tio n  C o lleg e , S p r in g f ie ld ,  
M a ssa ch u se tts , 1930).
^Robert P. Hughes, "A S tudy in  S h o rt S t a t i c  S tre n g th  o f  
M uscles in  R e la tio n  to  P o s tu re  o f  School Boys" (un p u b lish ed  M a s te r 's  
t h e s i s ,  in t e r n a t io n a l  Young M en's C h r is t ia n  A sso c ia tio n  C o lleg e , 
S p r in g f ie ld ,  M assach u se tts , 19 3 0 ).
^ P h il ip  J .  Rasch, "P ro g ress iv e  E x e rc is e ; I so to n ic  and 
I s o m e tr ic : A R eview ," Jo u rn a l o f  th e  A sso c ia tio n  f o r  P h y s ic a l  and 
M ental R e h a b i l i t a t io n . XV (196lT.~A&.
?Th. H e tt in g e r  and E. A. M u ller, "M u skelle istung  and M uskel- 
t r a i n i n g , "  A rb e its p h y s io lo g ie . XV (1953), 111-16.
i n t e n s i t y  o f  t r a in in g  lo a d  up to  abou t 2 /3  o f  maximum s tr e n g th .  
Beyond t h i s ,  in c re a se  in  t r a in in g  lo a d  has no f u r th e r  e f f e c t .
One p r a c t ic e  p e r io d  p e r  day in  which th e  te n s io n  was h e ld  
f o r  s ix  seconds r e s u l te d  in  a s  much in c re a se  in  s tr e n g th  as  
lo n g e r  p e r io d s  (up t o  f u l l  ex h au stio n  in  45 seconds) and more 
f re q u e n t p r a c t ic e s  (up to  7 p e r  d a y ) .
With t h e  p u b lish in g  o f  t h e i r  f in d in g s  re g a rd in g  iso m e tr ic  
c o n tra c tio n  e x e r c is e ,  H e tt in g e r  and M uller opened up a  whole new 
a re a  o f  th e  s tr e n g th  developm ent program . The n ex t lo g i c a l  s te p  
was to  in v e s t ig a te  th e  e f f e c t s  o f  iso m e tr ic  e x e r c is e ,  n o t on ly  on 
s tr e n g th ,  b u t on o th e r  f a c to r s  in v o lv ed  in  f i t n e s s  such a s  r e a c t io n  
tim e , speed o f  movement and endurance. A b r i e f  g la n c e  a t  th e  
l i t e r a t u r e  r e v e a ls  th a t  t h i s  course was ta k e n .
The rem ainder o f  th e  c h a p te r  p r e s e n ts  an  e x te n s iv e  rev iew  
o f  th e  l i t e r a t u r e  p e r ta in in g  to  iso m e tr ic  c o n tra c t io n  e x e rc is e .  To 
f a c i l i t a t e  com prehension in  reg a rd  to  th e  s ta te d  p u rpose  o f  th e  
s tu d y , th e  c h a p te r  i s  d iv id e d  in to  th e  fo llo w in g  s e c t io n s :  S tre n g th
Development, Dynamic Movement Improvement, S tre n g th  S p e c i f ic i ty ,  and 
T ra in in g  and T e st S e le c t io n .
I I .  STRENGTH DEVELOPMENT
In  I9 6 0 , a f t e r  co n tin u ed  in v e s t ig a t io n ,  H e tt in g e r^  concluded
g
A rth u r S te in h au s , The C ollege P h y s i c a l  E d u ca tio n  A s so c ia tio n 1 s 
57th Annual P roceed ings (New York C ity ,  1954)> 5 -11 .
I l l
^Theodor H e ttin g e r , P hysio logy o f  S tre n g th  (S p r in g f ie ld ,  
in o is :  C h a r le s  C. Thomas Co. ,  1961), p .  44»
t h a t , "The maximum improvement in  th e  s tr e n g th  o f  th e  m uscle group 
b e in g  t r a in e d  can be o b ta in e d  by g iv in g  d a i ly  one maxi mom v o lu n ta ry  
iso m e tr ic  m uscle c o n tr a c t io n  a g a in s t  a  r e s i s ta n c e  f o r  one o r  two 
seco n d s ."  However, Berger-*-® r e p o r te d  t h a t  a  l a t e r  s tu d y  by M uller 
and R o h m ert^  found t h a t  a maximum c o n tra c t io n  o f  from fo u r  to  s ix  
seconds was more e f f e c t iv e  th a n  a  one second c o n tr a c t io n .
Josehans-*-^ in v e s t ig a te d  th e  q u e s tio n  a s  t o  how o f te n  and how 
long  a  m uscle must c o n tr a c t  i s o m e tr ic a l ly  in  o rd e r  f o r  a  maximal 
s tr e n g th  g a in  to  o cc u r. The m uscle groups u t i l i z e d  were th e  g r ip  
m uscles and th e  f le x o r s  and e x te n s o rs  o f  th e  in d ex  f in g e r ,  elbow, 
and knee j o i n t .  He found t h a t  th e  number o f  c o n tra c t io n s  perform ed 
was s ig n i f i c a n t ly  r e l a t e d  to  th e  s tr e n g th  o f  th e  m uscle group in  a 
lo g a r ith m ic  p ro g re s s io n  as  more c o n tr a c t io n s  a re  perform ed p e r  u n i t  
tim e . I t  was a ls o  found th a t  c o n tra c t io n s  o f  25 p e r  c en t o f  th e  
m uscle fo rc e  produced g a in s  in  m uscle s tr e n g th  and t h a t  c o n tra c t io n  
d u ra t io n  tim e  i s  o f  r e l a t i v e l y  m inor im portance .
The purpose  o f  a  s tu d y  by Barham-*-^ was to  compare th e  s tr e n g th
^ R ic h a r d  A. B e rg e r, " E f fe c ts  o f  Iso m e tr ic  T ra in in g ,"  P h y s ic a l 
E d u c a to r . XXII (1965) ,  S I .
A. M uller and W. Rohm ert, "Die G eschw indgkeit d e r  
M uskelkroft-Zunahm e b e i  Iso m e tr is c h in  T ra in in g ,"  A rb e its p h y s io lo g ie . 
XIX (1963), 403-419.
12W. K. T. Jo sen h an s, "An E v a lu a tio n  o f  Some Methods o f 
Im proving Muscle S t r e n g th ," Revue Canadienne de B io lo g ie , XXI (1962), 
315-323.
13 J e r r y  N. Barham, "A Comparison o f  Two Methods o f  Iso m e tr ic  
E x e rc ise  on th e  Development o f  M uscle S tre n g th ” (u n p u b lish ed  s tu d y , 
L o u is ian a  S ta te  U n iv e rs i ty , i 960) .
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g a in ed  by perfo rm ing  one d a i ly  s ix  second iso m e tr ic  c o n tra c t io n  to  th e  
s tr e n g th  g a in ed  by  perfo rm ing  th r e e  d a i ly  s ix  second iso m e tr ic  
c o n tr a c t io n s .  F i f t y - f i v e  s u b je c ts  were d iv id e d  in to  th r e e  g ro u p s: 
Group I  perform ed iso m e tr ic  c o n tra c t io n  d a i ly ;  Group I I  perform ed 
th r e e  c o n tr a c t io n s  d a i ly ;  and Group I I I  a c te d  a s  a  c o n tr o l .  The 
e x te n s o rs  o f th e  le g  and back  were th e  m uscle groups t e s t e d .  Barham 
co n c lu d ed :
1 . Iso m e tr ic  e x e rc is e  w i l l  r e s u l t  in  s ig n i f i c a n t  improvements 
in  m uscle s t r e n g th .
2 . There i s  no s ig n i f i c a n t  d if f e re n c e  betw een th e  s t r e n g th  
g a in ed  by em ploying one iso m e tr ic  c o n tr a c t io n  d a i ly  and 
th e  s t r e n g th  g a in ed  by em ploying th r e e  d a i ly  iso m e tr ic  
c o n tr a c t io n s .
In  a n o th e r  s tu d y  a lo n g  s im i la r  l i n e s ,  Barham1^  in v e s t ig a te d  
th e  e f f e c t iv e n e s s  o f  d i f f e r e n t  f re q u e n c ie s  o f  i s o to n ic  and iso m e tr ic  
e x e r c is e .  Three iso m e tr ic  and th r e e  i s o to n ic  groups were u t i l i z e d  
w ith  one group from  each e x e rc is e  method t r a in i n g  f iv e  days a  week, 
one group from each e x e rc is e  method t r a in in g  th r e e  days a  week, and 
one group from  each e x e rc is e  method t r a in in g  two days a  week. The 
iso m e tr ic  c o n tra c t io n  was h e ld  f o r  s ix  seconds in  t r a in in g  w h ile  th e  
i s o to n ic  ro u tin e  was th e  maximum lo a d  t h a t  co u ld  be l i f t e d  f iv e  tim es
J e r r y  N. Barham, 11A Comparison o f  th e  E f fe c t iv e n e s s  o f  
Iso m e tr ic  and I s o to n ic  E x e rc is e s  When Perform ed a t  D if fe re n t  F re ­
q u en c ie s  p e r  Week11 (u n p u b lish ed  D o c to ra l d i s s e r t a t i o n ,  L o u is ia n a  
S ta te  U n iv e rs i ty ,  i 960) .
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p lu s  th e  same iso m e tr ic  t r a in in g  program  p re v io u s ly  d e sc r ib e d . Barham 
re p o r te d  th e  fo llo w in g  f in d in g s :
1 . A s ig n i f i c a n t  improvement in  s tr e n g th  was ach iev ed  by th e  
t h r e e  iso m e tr ic  g ro u p s.
2 . The a d d i t io n  o f i s o to n ic  e x e rc is e  t o  th e  iso m e tr ic  
r o u t in e  d id  n o t b r in g  about a  s ig n i f i c a n t ly  g r e a te r  g a in  
in  s tr e n g th .
3 . There was n o t a  s ig n i f ic a n t  d if f e re n c e  in  th e  s tr e n g th  
g a in ed  by e x e rc is in g  f iv e  days a  week and e x e rc is in g  th re e  
days a  week.
4 . There was a  s ig n i f i c a n t ly  g r e a te r  g a in  in  s tr e n g th  by  th e  
group e x e rc is in g  f iv e  days a  week o v er th e  group e x e rc is ­
in g  two days a  week.
In  1955 L o rb a c k ^  re p o r te d  a  s tu d y  in  which he compared th e  
e f f e c t iv e n e s s  o f  a  s ix  second, tw o - th ird s  maximum iso m e tr ic  
c o n tr a c t io n  t o  a  s ta n d a rd  w eight t r a in in g  program  in  dev elo p in g  
s t r e n g th .  Two groups o f  t h i r t y  s u b je c ts  each were u sed : one group 
perform ing  iso m e tr ic  c o n tra c t io n  e x e rc is e  and th e  o th e r  group 
p a r t i c ip a t in g  in  a  s ta n d a rd  w eight t r a in in g  program . The m uscle 
groups t e s t e d  were th o se  in v o lv ed  in  hand g r ip ,  neck f le x io n ,  elbow 
f le x io n  and e x te n s io n , and knee f le x io n  and e x te n s io n . E ig h t weeks 
o f  t r a in in g  was perform ed w ith  new tw o - th ird s  maximum s tr e n g th  lo a d s  
b e in g  computed a f t e r  fo u r  weeks.
15Lorback, l o c . c i t .
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Lorback found t h a t  b o th  methods were ap p ro x im a te ly  eq u a l in  
th e  amount o f  s tr e n g th  g a in ed  by th e  s u b je c ts .  He a lso  found t h a t  
bo th  groups made s ig n i f i c a n t  g a in s  in  m uscle g i r t h  w ith  no s i g n i f i ­
c an t d i f f e r e n c e  b e in g  found betw een th e  g a in s  o f  th e  two g roups.
S a l te r^ *  r e p o r te d  s im i la r  f in d in g s  and concluded t h a t  i s o to n ic  
and is o m e tr ic  e x e rc is e  b rough t about an improvement o f  m uscle s tre n g th  
w ith  no s ig n i f i c a n t  d if f e r e n c e  betw een th e  g a in s  in  s tr e n g th  o c c u rr in g  
from th e  two e x e rc is e  m ethods.
P e te r s e n , u s in g  tw e n ty -fo u r  fem ales and tw e n ty - th re e  m ales , 
found t h a t  one maximum iso m e tr ic  c o n tra c t io n  perform ed d a i ly  f o r  
t h i r t y - s i x  days would n o t in c re a se  iso m e tr ic  s tr e n g th  in  p o s i t io n s  
o f  ap p ro x im a te ly  90° elbow f le x io n  and 90° knee e x te n s io n . In  most 
c a s e s ,  how ever, th e  m ales d id  make g a in s  ( s ig n if ic a n c e  n o t computed) 
w h ile  th e  fem ales e i t h e r  l o s t  o r  s tay e d  th e  same and s in c e  f i n a l  
f ig u r e s  w ere from g ro u p in g s , th e  r e s u l t s  may n o t have been in d ic a t iv e  
o f  th e  in d iv id u a l  d i f f e r e n c e s  betw een se x e s .
In  1959 Asa-*-® t r a in e d  th e  ab d u c to r d i g i t i  q u in t i  m uscles o f
Nancy S a l t e r ,  "The E f fe c t  on Muscle S tre n g th  o f  Maximum 
Iso m e tr ic  and I s o to n ic  C o n tra c tio n s  a t  D if f e r e n t  R e p e ti t io n  R a te s ,"  
Jo u rn a l o f  P h y sio lo g y . CXXX (1955) s 113.
■^Flemming B. P e te r s e n , "Muscle T ra in in g  by S t a t i c  C o n cen tric  
and E c c e n tr ic  C o n tra c t io n s ,"  ACTA F h y s io lo g ic a  S can d in a v ic a . XLVIII 
(I960), 406-416.
^M axim  M. Asa, "The E f f e c ts  o f  Iso m e tr ic  and I s o to n ic  
E x e rc ise  on th e  S tre n g th  o f  S k e le ta l  M uscle" (u n p u b lish ed  D o c to ra l 
d i s s e r t a t i o n ,  S p r in g f ie ld  C o lleg e , S p r in g f ie ld ,  M assach u se tts , 1959)«
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two groups o f  s u b je c ts .  One group t r a in e d  i s o to n ic a l ly  f o r  a p e rio d  
o f tw elv e  w eeks. The second group t r a in e d  w ith  a  d a i ly  s i x  second 
iso m e tr ic  c o n tra c t io n  f o r  n in e  weeks and th e  group was d iv id e d  w ith  
one group co n tin u in g  th e  same r o u t in e  f o r  th r e e  a d d i t io n a l  weeks.
The o th e r  h a l f  o f  th e  iso m e tr ic  group perform ed tw enty  iso m e tr ic  
c o n tra c t io n s  p e r  day f o r  th e  a d d i t io n a l  th r e e  weeks.
Asa found t h a t  b o th  i s o to n ic  and iso m e tr ic  t r a in in g  groups 
e x h ib i te d  s ig n i f i c a n t  in c re a s e s  in  s tr e n g th .  A lso , th e  group 
e x e rc is in g  once d a i ly  e x h ib i te d  a  g r e a te r  in c re a s e  in  s tr e n g th  th an  
th e  group u t i l i z i n g  i s o to n ic  e x e rc is e  and th o se  perfo rm ing  tw enty  
iso m e tr ic  r e p e t i t i o n s  p e r  day f o r  th e  l a s t  th r e e  weeks showed th e  
g r e a te s t  g a in  in  s t r e n g th .
B erg erl9  d iv id e d  s e v e n ty -e ig h t s u b je c ts  in to  two g ro u p s, w ith  
one group t r a in i n g  i s o m e tr ic a l ly  and one group t r a in in g  i s o to n ic a l ly  
th r e e  tim e s  a  week f o r  tw elve  w eeks. A ll s u b je c ts  were t e s t e d  both  
is o m e tr ic a l ly  and i s o to n ic a l ly  f o r  low er back e x te n so r  s t r e n g th .
Both groups improved s ig n i f i c a n t ly  on bo th  t e s t s ,  how ever, th e  
iso m e tr ic  group showed g r e a te r  improvement when m easured is o m e tr ic a l ly  
th a n  when m easured i s o to n ic a l ly  and th e  i s o to n ic  group e x h ib ite d  
g r e a te r  improvement when m easured i s o to n ic a l ly  th a n  when m easured 
i s o m e tr ic a l ly .  B erger concluded t h a t  iso m e tr ic  s tre n g th  was b e s t
^ R ic h a r d  A. B erg er, "Comparison o f  S t a t i c  and Dynamic 
S tre n g th  In c re a s e s ,"  R esearch Q u a r te r ly . XXXIII (1962), 329-333.
m easured is o m e tr ic a l ly  and i s o to n ic  s tre n g th  was b e s t  m easured 
i s o to n ic a l ly .
A f te r  t r a in in g  f i f ty - s e v e n  c o lle g e  m ales s t a t i c a l l y ,  th r e e  
tim es  a  week f o r  tw elve  weeks as opposed t o  177 c o lle g e  m ales w ith  
v a r io u s  dynamic program s, B erger20 found no s ig n i f ic a n t  d if f e r e n c e  
in  s tr e n g th  improvement betw een th e  two groups a s  w holes. He d id  
f in d  t h a t  th e  sub-group which t r a in e d  dynam ically  f o r  th re e  b o u ts  
and s i s  r e p e t i t i o n s  p e r  bou t d id  exceed th e  sub-group t r a in e d  
s t a t i c a l l y  in  s tr e n g th  im provement, b u t he a ls o  found th a t  th e  sub­
group t r a in e d  dynam ically  f o r  two b o u ts  and two r e p e t i t i o n s  was
i n f e r i o r  to  th e  sub-group t r a in e d  s t a t i c a l l y .
21Bergeron d id  a  s tu d y  in  which he compared w eigh t t r a in in g  
t o  iso m e tr ic  e x e rc is e  in  d ev e lo p in g  s tr e n g th  and m uscle g i r t h .
F o r ty  s u b je c ts  w ere d iv id e d  in to  two groups—one group perfo rm ing  
a s t a t i c  c o n tr a c t io n  f o r  s ix  seconds once p e r  t r a in i n g  p e r io d  and 
th e  o th e r  group undergo ing  a  w eight t r a in in g  program . Both groups 
e x e rc is e d  th r e e  tim es  a  week f o r  te n  w eeks. The m uscle groups 
b e in g  e x e rc ise d  w ere th o se  ex ten d in g  th e  low er arm, th o se  f le x in g  
th e  l e g ,  and th o s e  ex ten d in g  th e  l e g .  Bergeron found :
R ichard  A. B erger, "Comparison Between S t a t i c  T ra in in g  
and V arious Dynamic T ra in in g  P rogram s," Research Q u a r te r ly . XXXIV 
(1963), 131-135 .
2 lP h i l ip  C. B ergeron , J r . ,  "A Comparison o f  th e  E ffe c tiv e n e s s  
o f  S y stem atic  W eight T ra in in g  and Iso m e tr ic  E x e rc ise  in  th e  
Development o f  S tre n g th  and M uscle G ir th "  (un p u b lish ed  s tu d y , 
L o u is ia n a  S ta te  U n iv e rs i ty ,  1963)•
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1 . There was a  s ig n i f i c a n t  g a in  in  m uscle g i r t h  by b o th  groups 
b u t a  s ig n i f i c a n t  d if f e re n c e  was n o t found between th e  two 
g ro u p s.
2 . Both groups g a in ed  s ig n i f i c a n t ly  in  s tr e n g th  m easured by 
b o th  methods o f  t e s t i n g ]  w eigh t l i f t i n g  and iso m e tr ic  
t e s t i n g .
3 .  The iso m e tr ic  group showed a  g r e a te r  mean g a in  in  s tr e n g th  
developm ent when m easured by an iso m e tr ic  s tr e n g th  m easur­
in g  d ev ice  b u t th e  d if f e re n c e  betw een th e s e  g a in s  and 
th o se  o f  th e  i s o to n ic  group when m easured i s o m e tr ic a l ly  
was n o t s ig n i f i c a n t .
4* The is o to n ic  group showed a  g r e a te r  mean g a in  in  s tr e n g th  
developm ent as  m easured w ith  w e ig h ts , b u t th e  d if f e r e n c e  
betw een th e s e  g a in s  and th o se  o f  th e  iso m e tr ic  group when 
m easured w ith  w e ig h ts  was s ig n i f i c a n t  in  o n ly  th e  su p in e  
p re s s  and  th e n  a t  th e  .05 l e v e l  o f  c o n fid en ce .
K ruse‘S  d iv id e d  one hundred e ig h t  c o lle g e  m ales in to  e ig h t  
g ro u p s, fo u r  doing  iso m e tr ic  t r a in in g  and fo u r  doing is o to n ic  
t r a i n i n g .  One group from each  ty p e  o f  t r a in i n g  e x e rc ise d  tw o, 
t h r e e ,  fo u r  o r  f iv e  tim es a  week. The iso m e tr ic  group perform ed 
th r e e ,  s ix -se c o n d  c o n tr a c t io n s  a t  each t r a i n i n g  s e s s io n .  Kruse found
22
R obert D. K ruse, "The E f fe c ts  o f  V arying F req u en c ies  o f  
T ra in in g  S ess io n s  upon th e  S tre n g th  o f  th e  E lbow -Flexor Muscle 
Group" (m icrocarded  D o c to ra l d i s s e r t a t i o n ,  S p r in g f ie ld  C o lleg e , 
S p r in g f ie ld ,  M assach u se tts , 1956).
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t h a t  b o th  th e  iso m e tr ic  and i s o to n ic  s e c t io n s  showed a  s ig n i f i c a n t  
g a in  in  s tr e n g th  b u t t h a t  th e r e  was no s ig n i f i c a n t  d i f f e r e n c e  between 
th e  g a in s  o f  th e  g ro u p s. A f te r  rev iew in g  th e  in d iv id u a l  s c o re s , 
th e  a u th o r  re p o r te d  t h a t  " i t  would ap p ear t h a t  th e  amount o f  s tre n g th  
g a in  in  any e x e rc is e  program  was dependent upon th e  in d iv id u a l  
p a r t i c ip a t in g  r a th e r  th a n  th e  freq u en cy  o r  ty p e  o f e x e rc is e  i t s e l f . "
The purpose o f  a  s tu d y  by M a rle y ^  was to  compare iso m e tr ic  
and i s o to n ic  t r a in in g  in  t h e i r  e f f e c t iv e n e s s  to  develop  m uscular 
s t r e n g th ,  endurance, and g i r t h .  An iso m e tr ic  t r a in in g  g roup , an 
is o to n ic  t r a in in g  group and a  c o n tro l  group were u t i l i z e d .  He 
co n c lu d e d :
1 . Both t r a in i n g  program s b ro u g h t abou t an in c re a s e  in  
s t r e n g th  w ith  l i t t l e  d i f f e r e n c e  e x is t in g  betw een th e  tw o.
2 . Iso m e tr ic  endurance and i s o to n ic  endurance a r e  developed  
more e f f e c t iv e ly  by iso m e tr ic  t r a in i n g  and i s o to n ic  
t r a in i n g ,  r e s p e c t iv e ly .
In  a n o th e r  com parison o f  th e  e f f e c t s  o f  iso m e tr ic  and 
is o to n ic  e x e r c is e ,  Matthews and K r u s e c o n c l u d e d  t h a t  iso m e tr ic  
c o n tr a c t io n  e x e rc is e  b rough t ab o u t a  s ig n i f i c a n t  s t r e n g th  g a in  in
23W illiam  P . M arley , "The Com parative E f fe c t iv e n e s s  o f 
Iso m e tr ic  E x e rc ise  and  I s o to n ic  E x e rc ise  in  th e  Development o f  
M uscular S tre n g th , E ndurance, and G ir th "  (m icrocarded  M a s te r 's  
t h e s i s ,  U n iv e rs ity  o f  M aryland, 1962).
2/|Donald K. Matthews and R obert K ruse , " E ffe c ts  o f  Iso m e tr ic  
and I s o to n ic  E x e rc ise  on Elbow F le x o r  M uscle G roups," R esearch  
Q u a r te r ly . XXVIII (1957), 26-37 .
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more s u b je c ts  th a n  d id  is o to n ic  e x e r c is e .  They f u r th e r  concluded 
t h a t  s tr e n g th  g a in s  w ere p e c u l ia r  to  th e  in d iv id u a l .
M e a d o w s ' ^  at  th e  U n iv e rs ity  o f  I l l i n o i s  in  1959 re p o r te d  no 
d if f e r e n c e  in  th e  s tr e n g th  g a in s  produced by iso m e tr ic  and is o to n ic  
t r a in i n g  p ro c e d u re s . Both methods d id  r e s u l t  in  s ig n i f ic a n t  
s t r e n g th  g a in s  betw een i n i t i a l  and f i n a l  t e s t s .
Rasch and M o r e h o u s e ^  t r a in e d  two groups o f  s u b je c ts ,  one 
i s o m e tr ic a l ly  and one i s o to n ic a l ly ,  th re e  days a  week f o r  s ix  
w eeks. They u t i l i z e d  t e s t s  which employed th e  t r a in e d  m uscles in  
bo th  a  f a m il ia r  way and an u n fa m il ia r  way. Although s tr e n g th  g a in s  
were shown in  th e  f a m il ia r  p ro ce d u re , l i t t l e  o r  no g a in s  were reco rd ed  
in  th e  u n fa m il ia r  p ro ced u re . From th e s e  o b s e rv a t io n s ,  th e y  s ta t e d  
t h a t ,  "The f in d in g s  su g g est t h a t  th e  h ig h e r  s c o re s  in  s tr e n g th  t e s t s  
r e s u l t i n g  from  e x e rc is e  program s r e f l e c t e d  la r g e ly  th e  a c q u is i t io n  
o f  s k i l l . 11 A lso , th e  group t r a in in g  i s o to n ic a l ly  showed g r e a te r  
g a in s  in  s tr e n g th  and h y p ertro p h y  th a n  d id  th e  iso m e tr ic  group.
In  a n o th e r  s tu d y , R a s c h ^ 7  t r a in e d  a  group i s o to n ic a l ly  f o r  
s ix  weeks and th e n  t e s t e d  them b o th  i s o to n ic a l ly  and i s o m e tr ic a l ly .
25P au l Meadows, "E ffe c t o f  I s o to n ic  and Iso m e tr ic  Muscle 
C o n tra c tio n  T ra in in g  on Speed, Force and S tre n g th "  (u n p u b lish ed  
D o c to ra l d i s s e r t a t i o n ,  U n iv e rs ity  o f  I l l i n o i s ,  1959).
26P h i l ip  J .  Rasch and L. E. M orehouse, "E ffe c t o f  S ta t i c  and 
Dynamic E x e rc ise s  on M uscular S tre n g th  and H y p ertro p h y ," Jo u rn a l o f  
A pplied  P h y sio lo g y , XI (1957), 29-34 .
27‘P h i l ip  J .  Rasch, "R e la tio n sh ip  Between Maximum Iso m e tric  
T ension  and Maximum Iso to n ic  Elbow F le x io n ," Research Q u a r te r ly . 
XXVIII (1957), 85 .
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Upon com parison o f  th e  iso m e tr ic  and is o to n ic  s tr e n g th  sc o re s  he 
concluded t h a t  "measurements o f  maximum s tr e n g th  made by use o f 
iso m e tr ic  te ch n iq u es  a re  v a l id  in  e x p re ss in g  i s o to n ic  s t r e n g th ."
In  a  l a t e r  s tu d y , Rasch and P ie rso n 2® determ ined  th e  e f f e c t  
o f  is o to n ic  e x e rc is e  on is o to n ic  and iso m e tr ic  s t r e n g th .  Although 
th e r e  was a  s ig n i f ic a n t  g a in  n o ted  a f t e r  s ix  weeks in  th e  is o to n ic  
s tr e n g th  o f  th e  group th e r e  was n o t a  s ig n i f i c a n t  g a in  in  th e  
iso m e tr ic  g roup .
Rasch and P ie rso n 2^ f u r th e r  in v e s t ig a te d  th e  r e la t io n s h ip  
between is o to n ic  and iso m e tr ic  s c o re s  a f t e r  a  w eigh t t r a in in g  program  
o f  s ix  w eeks. They found t h a t  is o to n ic  s t r e n g th  improvement was n o t 
r e f l e c t e d  by iso m e tr ic  s tr e n g th  improvement. They su g g est t h a t  i f  
th e  converse  was a ls o  found to  be t r u e ,  th e  v a lu e  o f  iso m e tr ic  
e x e rc is e  in  p re p a r in g  f o r  i s o to n ic  a c t i v i t i e s  must s u re ly  be 
q u e s tio n e d .
D ickinson-' compared two methods o f  i s o to n ic  e x e rc is e  to  one 
method o f  iso m e tr ic  e x e rc is e  on s tre n g th e n in g  th e  e x te n so r  m uscles 
o f  th e  l e g .  He concluded th a t  a l l  methods were e q u a lly  e f f e c t iv e  in
28P h i l ip  J .  Rasch and W. R. P ie re o n , " I s o to n ic  T ra in in g  
and Iso m e tr ic  S tre n g th ,"  P e rc e p tu a l Motor S k i l l s , XVI (1963), 229-230.
29P h i l ip  J .  Rasch and W. R. P ie rso n , "Some R e la tio n s h ip s  o f 
Iso m e tr ic  S tre n g th , I s o to n ic  S tre n g th , and A nthropom etric M easures," 
Ergonom ics. VI (1963), 211-215.
30J  A rth u r L. D ick inson , "R e s is ta n c e -E x e rc ise  f o r  Development 
o f  S tre n g th  o f  M uscles t h a t  Extend Leg a t  Knee: A Com parative S tudy 
o f  Three Methods" (un p u b lish ed  D o c to ra l d i s s e r t a t i o n ,  S ta te  U n iv e rs ity  
o f  Iowa, 19 6 3 ).
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b r in g in g  about s t r e n g th  g a in s  o v e r a tw elve week t r a in in g  
p e r io d .
The f in d in g s  o f  th e  s tu d ie s  review ed above se rv e  to  p o in t  up 
th e  d i s p a r i t y  e x is t in g  in  th e  re se a rc h  p e r ta in in g  to  th e  r e l a t i v e  
m e r its  o f  iso m e tr ic  and is o to n ic  e x e rc is e .  A lthough m ost o f  th e  
s tu d ie s  in d ic a te d  th a t  bo th  iso m e tr ic  and i s o to n ic  t r a in in g  w i l l  
b r in g  about s ig n i f i c a n t  in c re a s e s  in  s t r e n g th ,  th e r e  were in d iv id u a l  
s tu d ie s  which found th a t  iso m e tr ic  e x e rc is e  would n o t in c re a s e  
s t r e n g th ,  th a t  iso m e tr ic  was b e t t e r  th a n  i s o to n ic  e x e rc is e  f o r  
in c re a s in g  s t r e n g th ,  t h a t  is o to n ic  e x e rc is e  would n o t in c re a s e  
iso m e tr ic  s tr e n g th ,  and th a t  iso m e tr ic  e x e rc is e  was b e t t e r  f o r  
in c re a s in g  iso m e tr ic  s tr e n g th  and is o to n ic  e x e rc is e  was b e t t e r  f o r  
in c re a s in g  is o to n ic  s tr e n g th .
O ther c o n f l ic t in g  f in d in g s  were in  th e  number o f  days p e r  
week n e c e ssa ry  f o r  maximum s tr e n g th  g a in , th e  le n g th  o f  th e  
c o n t r a c t i l e  e f f o r t ,  th e  s tr e n g th  o f  th e  c o n t r a c t i l e  e f f o r t ,  and th e  
number o f  r e p e t i t i o n s  which shou ld  be used  each  t r a in in g  s e s s io n .
The l i t e r a t u r e  would seem t o  r e v e a l  t h a t  th e  minimum 
t r a in in g  req u irem en ts  f o r  iso m e tr ic  s tr e n g th  g a in s  would be a 
s in g le ,  s ix  second maximum c o n tra c t io n  perform ed th r e e  days a  week.
I I I .  DYNAMIC MOVEMENT IMPROVEMENT
T his s e c t io n  d e a ls  p r im a r i ly  w ith  s tu d ie s  in v e s t ig a t in g  th e  
r e l a t i v e  m e r its  o f  iso m e tr ic  and i s o to n ic  e x e rc is e  in  im proving
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such f a c to r s  a s  c a rd io v a s c u la r  endurance, m u scu la r  endurance, speed 
o f  movement, r e a c t io n  tim e , and ex p lo siv e  f o r c e .
U t i l i z in g  240 male c o l le g e  s tu d e n ts , Alost^l compared th e  
e f f e c t s  o f  is o m e tr ic  e x e rc ise  t o  running on c a rd io v a s c u la r  c o n d itio n  
a s  m easured by  th e  Harvard S tep  T e s t. He found  no s ig n i f ic a n t  
d if f e re n c e  in  th e  e f f e c t iv e n e s s  o f  iso m e tric  e x e rc is e  and ru n n in g  
in  th e  developm ent o f  c a rd io v a s c u la r  endurance. However, he d id  
f in d  t h a t  th e r e  was a  d i r e c t  r e la t io n s h ip  betw een  frequency  o f 
p r a c t ic e  p e r io d s  and improvement in  s tr e n g th ,  ru n n in g  p erfo rm ance, 
and c a rd io v a s c u la r  c o n d itio n .
How ell, K im oto, and M orford32 equated  t h r e e  groups o f 
e le v e n  boys on a  b ic y c le  e rg o m ete r t e s t .  One group t r a in e d  w ith  
w e ig h ts , one group t r a in e d  w ith  a  s ix  second iso m e tr ic  c o n tra c t io n  
and th e  o th e r  group was th e  c o n t r o l .  E x e rc is e s  w ere taken  tw ic e  a 
week f o r  e ig h t  w eeks. Both e x e r c is e  groups made s ig n i f ic a n t  g a in s  
on th e  b ic y c le  ergom eter t e s t  a t  th e  .01 l e v e l  o f  co n fid en ce . No 
s ig n i f i c a n t  d i f f e r e n c e  was found  between th e  means o f th e  d if f e r e n c e  
between th e  i n i t i a l  and f i n a l  scoreB  o f th e  two e x e rc ise  g ro u p s .
^^R obert A. A lo s t, "A S tudy o f  th e  E f f e c t  o f  I n i t i a l  
C a rd io v ascu la r C o n d itio n , Type o f  T ra in ing  Program  and Frequency 
o f  P ra c t ic e  P e r io d s  upon th e  C ard io v ascu la r Development o f  C o llege  
Hen" (u n p u b lish ed  D octo ra l d i s s e r t a t i o n ,  L o u is ia n a  S ta te  U n iv e rs i ty ,
1963).
•^^Maxwell L . Howell, Roy Kimoto and W. R. M orford, " E ffe c t  
o f  Iso m e tric  and Iso to n ic  E x e rc is e  Programs upon M uscular E ndurance,"  
R esearch  Q u a r te r ly . XXXIII ( 1962) ,  536-540.
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Two eq u a te d  groups o f  t e n  s u b je c ts  w ere used  in  a s tu d y  by 
Dennison, H ow ell and Morford33 to  detera iine  th e  e f f e c t s  o f  a  w eight 
t r a in in g  program  and an is o m e tr ic  t r a in in g  program  on m u scu la r 
endurance. M uscular endurance was measured by d ip p in g  r e p e t i t i o n s ,  
ch inning  r e p e t i t i o n s  and th e  Arm S tre n g th  In d ex . S u b je c ts  e x e r­
c is e d  tw ice  a  week f o r  s ix  w eeks. The a u th o r s  found s ig n i f i c a n t  
g a in s  a t th e  .0 1  le v e l  f o r  d ip s  in  th e  w eigh t t r a in in g  g ro u p . The 
iso m e tr ic  group showed s ig n i f i c a n t  g a in s  a t  th e  .05  l e v e l  f o r  a l l  
t e s t s .  The w eig h t t r a in in g  g roup  e x e rc ise d  t h i r t y  m inu tes a  day 
w h ile  th e  is o m e tr ic  group e x e rc is e d  only  t e n  m inu tes  a  d ay . There 
was n o t a  s ig n i f i c a n t  d i f f e r e n c e  between mean improvements o f  th e  
two groups, th u s  in d ic a t in g  t h a t  one method was a s  e f f e c t iv e  a s  
th e  o th e r .
Chui3 -̂ in v e s t ig a te d  t h e  com parative e f f e c t s  o f  iso m e tr ic  and 
is o to n ic  e x e r c is e  on s tre n g th  and speed o f  movement. Seventy-tw o 
s u b je c ts  w ere d iv id e d  in to  f o u r  g roups: Group I  was is o m e tr ic ,
Group R was r a p id  dynamic c o n t r a c t io n ,  Group S was slow dynamic 
c o n tra c t io n , and  Group C was t h e  c o n tro l .  S tre n g th  was m easured 
s t a t i c a l l y .  C hui found th a t  th e r e  were s ig n i f i c a n t  g a in s  in
33J .  D. D ennison, M. L . Howell and W. R. M orford, " E f fe c ts  
o f  Iso m etric  and  Iso to n ic  E x e rc is e  Programs upon M uscular E ndurance," 
Research Q u a r te r ly . XXXII (1961) ,  348-52.
3% lw a rd  F . Chui, " E f f e c ts  o f  Iso m e tr ic  and Dynamic W eight- 
t r a in in g  E x e rc is e s  upon S tre n g th  and Speed o f  Movement," R esearch  
Q u a rte rly . XXXV (1964) ,  246-257 .
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s tre n g th  and speed o f  movement t im e s  w ith  and w ith o u t r e s i s ta n c e  in  
Groups I ,  R, and S w h ile  th e r e  w ere no s ig n i f i c a n t  d if f e r e n c e s  in  
th e  g a in s  made between g ro u p s. T h e re fo re , w ith in  th e  l i m i t s  o f  th e  
s tu d y , iso m e tr ic  and i s o to n ic  e x e rc is e  were e q u a lly  e f f e c t iv e  in  
b rin g in g  abou t s tr e n g th  g a in s  and speed  o f  movement g a in s .
P ie rso n  and Rasch35 in v e s t ig a te d  th e  e f f e c t s  o f  is o to n ic  
e x e rc ise  on s tr e n g th ,  r e a c t io n  t im e , and speed  o f  movement. They 
found s ig n i f i c a n t  in c re a s e s  in  s tr e n g th  b u t co rresp o n d in g  in c re a s e s  
in  speed o f  movement and r e a c t io n  tim e  were n o t in d ic a te d .
to  in v e s t ig a te  th e  c o r r e la t io n  o f  iso m e tr ic  s t r e n g th  to  i s o to n ic  
endurance, r e a c t io n  t im e , and speed  o f  movement. The s u b je c ts  were 
t e s t e d  is o m e tr ic a l ly  and one week l a t e r  were t e s t e d  f o r  is o to n ic  
endurance, speed o f  movement, and r e a c t io n  t im e . No s ig n i f i c a n t  
c o r r e la t io n  was found betw een iso m e tr ic  s t r e n g th  and any o f  th e  
f a c to r s  m easured.
Henry and W hitley^?  a lso  in v e s t ig a te d  th e  c o r r e la t io n  between 
s t a t i c  s tr e n g th  and " s t r e n g th  in  a c t io n "  computed from arm mass and
P ercep t ,  144.
R. P ie rso n  and P. J .  R asch, " Iso m e tr ic  S tre n g th  a s  a  
F a c to r  in  F u n c tio n a l Muscle T e s t in g ,"  American Jo u rn a l o f  P h y s ic a l 
M edicine. XLII (19&3), 205-207.
I t  was th e  purpose o f  a n o th e r  s tu d y  by  P ie rso n  and R a s c h ^
At* A 1QA SV11 CU1H i  t ts • "S tre n g th  and S peed ,"
37F ra n k lin  Henry and J .  D. W h itley , " R e la tio n sh ip  Between 
In d iv id u a l D iffe re n c e s  in  S tre n g th , Speed, and Mass in  an Army 
Movement," Research Q u a r te r ly . XXXI ( i 960) ,  24 .
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speed  o f  movement. They found no s ig n i f i c a n t  c o r r e la t io n  betw een 
th e  two ty p e s  o f  s t r e n g th  and f u r th e r  s t a t e  t h a t ,  "The r e s u l t s  
ag ree  w ith  th e  concep t t h a t  s tr e n g th  a s  o r d in a r i ly  m easured i s  
de term ined  by a  neurom otor c o o rd in a tio n  p a t te r n  r a th e r  th a n  th e  
u l t im a te  p h y s io lo g ic a l  c a p a c ity  o f  th e  m uscle . The neurom otor 
p a t te r n  e n e rg iz in g  th e  m uscle i s  d i f f e r e n t  d u r in g  movement."
Michael^® u t i l i z e d  fo u r  groups o f  t h i r t y - f o u r  c o l le g e  m ales 
to  determ ine th e  e f f e c t  o f  iso m e tr ic  e x e rc is e  on arm and le g  
movement tim e  and arm and le g  r e a c t io n  t im e . Group I  se rv ed  a s  a  
c o n t r o l ,  Group I I  perform ed iso m e tr ic  e x e r c is e s ,  Group I I I  p a r t i c i ­
p a te d  in  a  fundam ental s o f t b a l l  program , and Group IV perform ed 
iso m e tr ic  e x e rc is e s  in  a d d i t io n  to  a  s o f t b a l l  program . M ichael 
found t h a t  a  s ix  week program  o f  iso m e tr ic  e x e rc is e  s ig n i f i c a n t l y  
in c r r_ s e d  speed o f  movement tim e and r e a c t io n  tim e s  w hereas th e  
a d d i t io n  o f  s o f t b a l l  t o  is o m e tr ic s  r e s u l te d  in  no s ig n i f i c a n t  g a in  
and s o f t b a l l  a lo n e  d id  n o t r e s u l t  in  a  change in  r e a c t io n  and 
movement tim e .
S ix ty - th r e e  c o lle g e  m ales were d iv id e d  in to  two equated  
groups by B a l l ,  R ich and W a l l i s ^  in  o rd e r  to  in v e s t ig a te  th e
^ C h a r le s  E. M ichael, "The E f f e c ts  o f  Iso m e tr ic  C o n tra c tio n  
E x e rc is e s  on R eac tio n  and Speed o f  Movement Time" (u n pub lished  
D o c to ra l d i s s e r t a t i o n ,  L o u is ian a  S ta te  U n iv e rs i ty ,  1963).
J e r r y  R. B a l l ,  George Q. R ich and E a r l  L. W a llis , " E f fe c ts  
o f  Iso m e tr ic  T ra in in g  on V e r t ic a l  Jum ping," R esearch  Q u a r te r ly .
xxxv (1964), 231-235.
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e f f e c t s  o f  iso m e tr ic  e x e rc is e  on v e r t i c a l  Jumping a b i l i t y .  One group 
perfo im ed  a  te n  second maximum c o n tra c tio n  th re e  tim es  a  week f o r  s ix  
w eeks. The o th e r  group se rv ed  a s  th e  c o n t r o l .  The ex p e rim en ta l 
group s ig n i f i c a n t ly  in c re a se d  in  iso m e tr ic  s tr e n g th  b u t th e r e  was 
n o t an accompanying in c re a se  in  v e r t i c a l  jumping a b i l i t y .
In  a  somewhat s im i la r  s tu d y , Berger^O u t i l i z e d  fo u r  g roups: 
Group I  t r a in e d  i s o to n ic a l ly  w ith  th e  10-RM, Group I I  t r a in e d  w ith  
50 p e r  c en t to  60 p e r  cen t o f  th e  10-RM f o r  te n  r e p e t i t i o n s  o f  squat 
jum ps, Group I I I  t r a in e d  is o m e tr ic a l ly ,  and Group IV t r a in e d  by 
jumping v e r t i c a l l y .  V e r t ic a l  jumping a b i l i t y  was m easured b e fo re  and 
a f t e r  a  seven week t r a in in g  p e r io d . B erger found:
1 . Groups I ,  I I ,  and I I I  d i f f e r e d  s ig n i f i c a n t ly  from Group IV 
in  jumping a b i l i t y .
2 ,  Only Groups I  and I I  improved s ig n i f i c a n t ly  in  v e r t i c a l  
jum ping a b i l i t y .
3* Groups I  and I I  in c re a se d  s ig n i f i c a n t ly  more in  jumping 
a b i l i t y  th a n  Group I I I  b u t Groups I  and I I  d id  n o t d i f f e r  
s i g n i f i c a n t ly .
IV. STRENGTH SPECIFICITY
The s tu d ie s  review ed in  t h i s  s e c t io n  a re  concerned  in  some 
manner w ith  s p e c i f i c i t y  o f  s tr e n g th  g a in s  b ro u g h t about by iso m e tr ic
40
R ichard  A. B erger, " E f fe c ts  o f  Dynamic and S t a t i c  T ra in in g  
on V e r t ic a l  Jumping A b i l i ty ,"  R esearch Q u a r te r ly . XXXIV (1963) ,  
419-A24.
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o r  is o to n ic  e x e r c is e .  Although t h i s  was n o t th e  ex p re sse d  purpose 
o f  a l l  th e  s tu d ie s  rev iew ed , th e y  do have im p lic a tio n s  f o r  th e  
i d e n t i f i c a t i o n  o f  s p e c i f i c i t y .
R ich ard so n ^! in v e s t ig a te d  th e  e f f e c t s  o f  iso m e tr ic  and 
i s o to n ic  t r a in in g  on th e  elbow f le x o r  m uscle group. The iso m e tr ic  
group t r a in e d  a t  an g le s  o f  90° ,  135% and 165° elbow f le x io n  d a i ly  
f o r  f iv e  weeks. The is o to n ic  group com pleted th r e e  d a i ly  l i f t s  in  
s ix  seconds (same le n g th  o f  tim e a s  th e  iso m e tr ic  c o n tra c t io n )  
w ith  a  maximum w eight t r a v e r s in g  an a rc  o f  90° to  I 650 . The th i r d  
group was th e  c o n t r o l .  R ichardson found:
1. Both groups in c re a se d  s ig n i f i c a n t l y  a t  115° and 135° 
o v er th e  c o n tro l  group.
2. The is o to n ic  group in c re a se d  s ig n i f i c a n t ly  a t  135° over 
th e  iso m e tr ic  group.
Rasch, P ie rso n  and L o g a n ^  t e s t e d  te n  a d u lt  m ales iso m e tr i­
c a l l y  a t  45°, 90°, and 135° o f  elbow e x te n s io n . The s u b je c ts  then  
t r a in e d  w ith  t h r e e ,  15 second maximum e x e r t io n s  th re e  days a  week 
f o r  s ix  weeks in  90° elbow f le x io n .  Upon r e t e s t i n g  i t  was found 
t h a t  th e  e x te n s o r  m uscles made s ig n i f i c a n t  g a in s  a t  a l l  th r e e
41John R. R ichardson , "The E f f e c t  o f  B r ie f  Iso m e tr ic  and 
I s o to n ic  E x e rc ise  Programmes on th e  Development o f  S tre n g th  and 
M uscular Endurance" (unpub lished  M a s te r 's  t h e s i s ,  U n iv e rs ity  o f  
A lb e r ta , 1963).
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P. J .  Rasch, W. R, P ie rso n  and Gene A. Logan, "The E ffe c t 
o f  Iso m e tr ic  E x e rc ise  upon th e  S tre n g th  o f  A n ta g o n is tic  M uscles ,"  
I n t e m a t i o n a l e  Z e l t s c h r i f t  F ur Angewandte P h y sio lo g ie  E in s c h l ie s s l ic h  
A rb e itsp h y s io lo g ie . XIX ~Tl96iT. 18-22.
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p o s i t io n s  w ith  no s ig n i f i c a n t  d if f e r e n c e  betw een p o s i t io n s .  The 
a u th o rs  su g g est t h a t  "under c o n d itio n s  o f  su p er maximal iso m e tr ic  
c o n tr a c t io n  o f  elbow f le x o r  m uscles , c o -c o n tra c tio n  o f  th e  a n ta ­
g o n is t ic  m uscles i s  n e c e s sa ry  to  f i x  and s t a b i l i z e  th e  j o i n t ,  and 
th a t  th e  degree o f  e f f o r t  re q u ire d  o f  th e s e  m uscles i s  s u f f i c i e n t  to  
produce an in c re a se  in  t h e i r  s t r e n g th ."  They a ls o  su g g est t h a t  th e  
s tr e n g th  th u s  developed te n d s  to  in c re a s e  to  th e  same degree 
th ro u g h o u t th e  a rc  in v o lv ed  in  th e  movement.
A lthough t h i s  s tu d y  in v e s t ig a te d  th e  s p e c i f i c i t y  o f  s tr e n g th  
g a in s  in  th e  a n ta g o n is t ic  m uscles i t  would seem lo g ic a l  t h a t  th e  
r e s u l t s  would ho ld  t r u e  in  th e  m uscles a c tu a l ly  re sp o n s ib le  f o r  th e  
fo rc e  b e in g  e x e r te d . Not a l l  o f  th e  fo llo w in g  s tu d ie s  back up t h i s  
assum ption .
In  a  study  by  D arcus and S a l t e r ^  i t  was found th a t  s t a t i c  
t r a in i n g  in  on ly  one p o s i t io n  o f  th e  range  o f  m otion o f  a  j o i n t  
r e s u l te d  in  an in c re a s e  o f  s tre n g th  a t  a l l  o th e r  s t a t i c a l l y  t e s t e d  
p o s i t io n s  w ith in  th e  same range o f  m o tion . S u b je c ts  were t e s t e d  
bo th  is o m e tr ic a l ly  and i s o to n ic a l ly  a t  th e  s t a r t  and f in i s h  o f  th e  
s tu d y . Both groups e x e rc is e d  f iv e  days a  week f o r  f iv e  weeksj one 
group o f  s ix  s u b je c ts  e x e rc is e d  s t a t i c a l l y  and th e  o th e r  group o f  
s ix  e x e rc is e d  d y n am ica lly . I t  was f u r t h e r  concluded t h a t  bo th  
s t a t i c  and dynamic s t r e n g th  were in c re a se d  a f t e r  e i t h e r  s t a t i c  o r  
dynamic e x e rc is e .
I O
H. D. Darcus and Nancy S a l t e r ,  "The E f f e c t  o f  R epeated Mus­
c u la r  E x e r tio n  on M uscle S t r e n g th ,11 J o u rn a l  o f  P h y sio lo g y . CXXIX 
(1955), 325-336.
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C ontrary  to  t h e  above f in d in g s ,  G a rd n e r^  found no s ig n i f i c a n t  
s t r e n g th  improvements a t  any a n g le  o th e r  th an  th e  ang le  a t  which th e  
e x e r c is e  was perfo rm ed . Gardner u t i l i z e d  s ix ty  s u b je c ts  d iv id e d  in to  
fo u r  g ro u p s. Group I  was th e  c o n t r o l  group and d id  n o t e x e r c is e ,
Group I I  e x e rc ise d  th e  p re fe r re d  l e g  a t  a  115° a n g le  o f  knee 
e x te n s io n , Group I I I  e x e rc ise d  a t  a  135° angle o f  knee e x te n s io n , 
and  Group IV e x e rc is e d  a t  a 155° a n g le  o f knee e x te n s io n . The 
s u b je c ts  in  Groups I I ,  I I I ,  and IV perform ed one s ix -se c o n d , tw o- 
t h i r d s  maximum is o m e tr ic  e f f o r t  t h r e e  days a  week f o r  s ix  w eeks. 
S u b je c ts  were t e s t e d  on a  cab le  te n s io m e te r  b e fo re  th e  t r a in i n g  p e rio d  
and ev e ry  two weeks t h e r e a f t e r  in  o rd e r  to  compute new tw o - th ird s  
t r a in i n g  lo a d s . Group I I I  and Group IV showed s ig n i f i c a n t  s t r e n g th  
g a in s  a t  th e  p o s i t io n  o f  e x e rc ise  b u t  n o t a t  t h e  o th e r  an g le s  t e s t e d .  
Group I I  showed no s ig n i f i c a n t  s t r e n g th  gain  a t  any  s p e c i f ic  a n g le .
L o g an ^  u t i l i z e d  th re e  g ro u p s o f  f i f t e e n  s u b je c ts  each and 
d e term ined  s t a t i c  s t r e n g th  by means o f  a  cab le  te n s io m e te r  a t  a n g le s  
o f  95 °, 115°, 135°, 1 5 5 ° , and 175° o f  knee e x te n s io n . Group I  
perfo rm ed  a  weight r e s i s ta n c e  program  f o r  t h i r t e e n  p e rio d s  in  s ix  
weeks w ith  th e  g r e a t e s t  amount o f  r e s i s ta n c e  b e in g  o f fe re d  a t  
ap p ro x im a te ly  155°. Group I I  perfo rm ed  s tre n g th e n in g  e x e rc is e s  in
^ G e r a ld  W. G ard n er, " S p e c i f i c i ty  o f  S tre n g th  Changes o f  th e  
E x e rc ise d  and N onexercised  Limb F o llo w in g  Iso m e tr ic  T ra in in g ,"  
R esearch  Q u a r te r ly . XXXIV (1963), 98-101.
A.5^ G en e  A. Logan, " D if f e r e n t ia l  A p p lic a tio n s  o f  R e s is ta n c e  
and  R e su ltin g  S tre n g th  Measured a t  V arying D egrees o f  Knee "Extension" 
(u n p u b lish ed  D o c to ra l d i s s e r t a t i o n ,  U n iv e rs ity  o f  Southern C a l i f o rn ia ,  
I960).
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th e  same manner e x c e p t u s in g  sp rin g  r e s i s ta n c e  w ith  th e  g re a te s t  
r e s i s ta n c e  being o f f e r e d  a t  115°. Group I I I  was th e  c o n tro l .  He 
found :
1 . At th e  .0 1  l e v e l  o f  c o n fid e n c e , bo th  Groups I  and I I  
showed s ig n i f i c a n t  s tr e n g th  g a in s  a t  a l l  a n g le s  over 
Group I I I .
2 . S ig n if ic a n t  s tre n g th  g a in s  were made by Group I I  over 
Group I  a t  115°.
3 .  S ig n if ic a n t  s tre n g th  g a in s  were made by Group I  over 
Group I I  a t  155°*
4 . There was no s ig n i f ic a n t  d if f e re n c e  when s tr e n g th  gains 
a t  135“ w ere compared f o r  Groups I  and I I .
I t  was th e  p u rp o se  o f  a  s tu d y  by S t e r l i n g ^  t o  in v e s t ig a te  
th e  s p e c i f i c i t y  o f  s t r e n g th  g a in s  ach iev ed  th ro u g h  iso m e tr ic  
c o n tr a c t io n  e x e rc is e  in  th e  elbow f le x o r s ,  knee f l e x o r s ,  and knee 
e x te n s o r s .  Two g ro u p s o f c o lle g e  m ales were a d m in is te re d  p re -  and 
p o s t- s tu d y  s tre n g th  t e s t s  a t  95° and 170° in  th e  th r e e  ranges o f 
m o tio n . One group t r a in e d  i s o m e tr ic a l ly  a t  95“ elbow  f le x io n ,
170° knee f le x io n  and 170° knee e x te n s io n  w hile th e  o th e r  group 
t r a in e d  a t  170° elbow f le x io n ,  95° knee f le x io n  and 95“ knee 
e x te n s io n . The e x e r c is e  ro u tin e  was an  e ig h t second maximum
^D uane R. S t e r l i n g ,  "A Com parative Study o f  th e  P o s itio n  
S e l e c t i v i t y  o f I so m e tr ic  S tren g th  Changes R e su ltin g  from  Isom etric  
E x e rc is e "  (u n pub lished  M aster’s t h e s i s ,  L o u is ian a  S ta te  U n iv e rs ity ,
1 9 6 4 ).
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is o m e tr ic  c o n tr a c t io n  perform ed th r e e  days a  week f o r  te n  weeks. 
S t e r l i n g  found:
1 . In th e  elbow  f le x o r  m uscle group, s ig n i f i c a n t  g a in s  were 
e x h ib i te d  o n ly  a t  th e  p o s i t io n  o f  e x e rc is e .
2 . In th e  k n ee  ex ten so r  m uscle group, s ig n i f i c a n t  g a in s  were 
e x h ib i te d  a t  both  95° and 170° r e g a rd le s s  o f  th e  p o s i t io n  
of e x e r c is e .
3 . In th e  knee f le x o r  m uscle g roup , s ig n i f i c a n t  g a in s  were 
e x h ib i te d  a t  170° when e x e rc is e  was a t  95° and when 
e x e rc is e  was a t  170° s ig n i f i c a n t  g a in s  were made a t  bo th  
95° and 170°.
These f in d in g s  would seem t o  p o in t  to  th e  p o s s i b i l i t y  t h a t  
s p e c i f i c i t y  o f  s t r e n g th  g a in s  p roduced  by iso m e tr ic  e x e rc is e  v a r ie s  
a s  t o  th e  m uscle group be ing  t e s t e d .  The elbow f le x o r  group was 
h ig h ly  s p e c if ic  a t  th e  p o s i t io n  o f  e x e rc is e  w h ile  th e  knee f le x o r  
g roup  appeared to  e x h ib i t  s p e c i f i c i t y  a t  a  p o s i t io n  o th e r  th a n  th e  
p o s i t i o n  of e x e r c i s e .  The knee e x te n s o r  m uscle group e x h ib ite d  
l i t t l e  s p e c i f i c i t y  o f  s tre n g th  g a in s .
In a  fo llo w -u p  study  on th e  knee f le x o r  m uscle group, 
S t e r l i n g ^  re p e a te d  th e  c o n d itio n s  o f  th e  p a re n t s tu d y . T h is tim e 
e ig h te e n  c o lle g e  m ales were d iv id e d  in to  two g ro u p s: one group
47Duane R. S te r l in g ,  "A Com parative S tudy o f  th e  S p e c i f ic i ty  
in  P o s i t io n  S e l e c t i v i t y  o f  Iso m e tr ic  S tre n g th  Changes in  th e  Knee 
F le x o r  Muscle Group R e su ltin g  from  Iso m e tric  E x e rc is e : A R estudy" 
(u n p u b lish ed  s tu d y , L o u is ian a  S ta te  U n iv e rs ity , 1964) *
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e x e rc is in g  a t  170° and th e  o th e r  a t  95°• At th e  end o f  th e  te n  weeks 
t r a in in g  p e r io d , e x e rc is e  a t  95° had n o t s ig n i f ic a n t ly  in c rea sed  
s tre n g th  a t  e i t h e r  95° o r  170° w h ile  e x e rc is in g  a t  170° had s i g n i f i ­
c a n tly  in c re a se d  s tre n g th  on ly  a t  170°. Upon comparing th e se  r e s u l t s  
to  th e  r e s u l t s  o f  th e  p a re n t s tu d y , S te r l in g  concluded th a t  th e  
m uscle group cau sin g  knee f le x io n  shows no d e f in i t e  s p e c i f i c i t y  o f 
s tre n g th  g a in s .
The d i s p a r i ty  in  th e  f in d in g s  o f th e  s tu d ie s  review ed in  t h i s  
s e c tio n  p o in ts  to  th e  need f o r  con tinued  re se a rc h  in to  th e  m a tte r  o f 
s p e c i f i c i t y  o f s tre n g th  g a in s . I t  appears lo g ic a l  to  assume th a t  
s tre n g th  s p e c i f i c i t y ,  e i t h e r  th e  p resence  o r absence th e r e o f ,  i s  
th e  key to  w hether o r  n o t s tre n g th  ach iev ed  is o m e tr ic a l ly  can be 
e f f e c t iv e ly  u t i l i z e d  in  dynamic movement.
V. TRAINING AND TEST SELECTION
The s tu d ie s  review ed in  t h i s  s e c tio n  a re  concerned w ith  
determ in ing  th e  most e f f i c i e n t  and p r a c t i c a l  methods by which to  
conduct th e  t r a in in g  and t e s t i n g  program . The r e s u l t s  o f  th e se  
in v e s t ig a t io n s  as w e ll  a s  th o se  p re v io u s ly  review ed a re  in ten d ed  to  
in su re  t h a t  th e  d a ta  re c e iv e d  from th e  proposed stucfy w i l l  n o t be 
b ia se d  in  some manner due to  im proper s e le c t io n  o f  t e s t i n g  and 
t r a in in g  m ethods.
«
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I s o to n ic  T e s tin g  and T ra in in g
The purpose  o f  a  s tu d y  by B erger^8 was to  d e te n n in e  th e  
optimum number o f  r e p e t i t i o n s  which would b r in g  ab o u t th e  q u ic k e s t  
s t r e n g th  im provem ent. Groups u t i l i z i n g  th e  2-RM, 4-RM, 6-RM, 8-RM, 
10-RM, and 12-RM r e s i s ta n c e  f o r  one s e t ,  th r e e  days a  week f o r  
tw e lv e  weeks were compared in  s t r e n g th  g a in s .  He found t h a t  groups 
u t i l i z i n g  th e  2-RM, 10-RM, and 12-RM had s ig n i f i c a n t l y  sm a lle r  
mean g a in s  th a n  th e  groups u t i l i z i n g  th e  4-RM, 6-RM, and 8-HM lo a d . 
From th e s e  r e s u l t s  he concluded t h a t  th e  optimum number o f  r e p e t i ­
t i o n s  was betw een th r e e  and n in e .
B e r g e r ^  u t i l i z e d  n in e  d i f f e r e n t  is o to n ic  t r a in i n g  program s 
to  de term ine th e  most e f f e c t iv e  com bination  f o r  im proving s t r e n g th .  
A ll  p o s s ib le  com binations o f  tw o, s ix ,  and te n  r e p e t i t i o n s  and one, 
tw o, and th r e e  s e ts  w ere in v e s t ig a te d  w ith  a l l  s u b je c ts  t r a in in g  
th r e e  tim e s  a  week f o r  tw e lv e  w eeks. S tre n g th  was m easured 
i s o to n ic a l ly  by th e  1-RM m ethod. A H  o f  th e  t r a in i n g  methods 
produced s ig n i f i c a n t  g a in s  a t  each th r e e  week i n t e r v a l .  However, 
th e  s t a t i s t i c a l  a n a ly s is  showed t h a t  th r e e  s e t s  b ro u g h t abou t a 
s ig n i f i c a n t ly  g r e a te r  improvement th a n  e i t h e r  one o r  two s e ts  w ith  
no s ig n i f i c a n t  d if f e r e n c e  found betw een th e  l a t t e r  two m ethods. S ix
48
R ichard  A. B erg er, "Optimum R e p e ti t io n s  f o r  th e  Development 
o f  S tre n g th ,"  R esearch  Q u a r te r ly . XXXIII (1962), 334-338.
^ R ic h a r d  A. B erg er, " E f fe c t  o f  V aried  W eight T ra in in g  
Programs on S tr e n g th ,"  R esearch Q u a r te r ly . XXXIII (1 9 6 2 ), 168-181.
r e p e t i t i o n s  p e r  s e t  b ro u g h t about s ig n i f i c a n t ly  g r e a te r  improvement 
th a n  two r e p e t i t i o n s  b u t n o t  te n  r e p e t i t i o n s .  The r e s u l t s  su g g est 
t h a t  th r e e  s e ts  and s ix  r e p e t i t i o n s  p e r  s e t  i s  t h e  b e s t  com bination  
f o r  im proving s t r e n g th .
In  a n o th e r  s tu d y , B e r g e r ^ O  in v e s t ig a te d  which p ro p o r tio n s  o f 
th e  1-RM would be a s  e f f e c t iv e  f o r  in c re a s in g  s tr e n g th  a s  t r a in in g  
w ith  th e  1-RM i t s e l f .  The p ro p o r tio n s  were 66 p e r  c e n t ,  80 p e r  c e n t ,  
and 90 p e r  c e n t .  A ll  s u b je c ts  t r a in e d  th r e e  tim e s  w eekly f o r  s ix  
w eeks. He found th a t  th e  groups t r a in i n g  w ith  66 p e r  c e n t ,  80 p e r  
c e n t ,  and 90 p e r  c e n t o f  th e  1-HM, when th e  1-RM was de term ined  once 
w eekly , and th e  groups t r a in in g  w ith  th e  1-RM e i t h e r  once o r  th r e e  
tim e s  w eekly made s ig n i f i c a n t  g a in s  b u t d id  n o t d i f f e r  s ig n i f i c a n t ly  
in  s tr e n g th  g a in s .  The c o n tro l  group and th e  group u t i l i z i n g  66 
p e r  c e n t o f  th e  1-RM (b u t n o t d e te rm in in g  th e  1-RM weekly) d id  no t 
make s ig n i f i c a n t  g a in s .
Y e s s is -^  in v e s t ig a te d  th e  e f f e c t s  o f  v a ry in g  r e s i s ta n c e s  and 
numbers o f  r e p e t i t i o n s  on s tr e n g th  and m uscular endurance . One 
group t r a in e d  u s in g  th e  1-RM, a  second group t r a in e d  u s in g  th e  8 t o  
12-RM, a  t h i r d  group t r a in e d  u s in g  a f ix e d  r e s i s ta n c e  f o r  a  maximum
50R ichard  A. B erg er, "Comparison o f  th e  E f f e c t  o f  V arious 
W eight T ra in in g  Loads on S t r e n g th ," R esearch  Q u a r te r ly . XXXVI (1965) ,  
141-146.
51M ichael Y e s s is , "R e la tio n sh ip s  Between V arying Com binations 
o f  R e s is ta n c e s  and R e p e ti t io n s  in  th e  S tren g th -E n d u ran ce  Continum" 
(m icrocarded  D o c to ra l d i s s e r t a t i o n ,  U n iv e rs ity  o f  S outhern  C a l i f o rn ia ,  
1963).
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number o f  r e p e t i t i o n s ,  and th e  fo u r th  group t r a in e d  u s in g  a  f ix e d  
r e s i s ta n c e  f o r  tw o - th ird s  o f  a  maximum number o f  r e p e t i t i o n s .  He 
concluded  t h a t  i f  s t r e n g th  was th e  g o a l th e  t r a in in g  program  should  
be w ith  a  maximum o r  n e a r  maximum r e s i s ta n c e  and  few r e p e t i t i o n s .
I f  endurance i s  th e  o b je c t iv e  th e n  th e  t r a i n i n g  should  s t r e s s  
maximum o r  n e a r  maximum r e p e t i t i o n s  a t  a  c o n s ta n t r e s i s ta n c e .
The purpose  o f  a  s tu d y  by Hansen^2 was to  in v e s t ig a te  th e  
e f f e c t s  o f  dynamic maximal r e s i s ta n c e  e x e rc is e  on such f a c to r s  as  
iso m e tr ic  s t r e n g th ,  iso m e tr ic  endurance and  work c a p a c i ty .  Two 
groups o f  m ales were t e s t e d  f o r  iso m e tr ic  s t r e n g th ,  dynamic s tr e n g th  
(l-RM ), w orking c a p a c ity  (en d u ra n ce ), and iso m e tr ic  endurance 
( a b i l i t y  to  h o ld  60 p e r  c e n t o f  1-RM f o r  a s  long  as p o s s ib le  a t  
9 0 °) . One group t r a in e d  s ix  days a  week f o r  f iv e  weeks by perform ing  
te n  r e p e t i t i o n s  o f  th e  1-RM in  two s e s s io n s  w ith  a t  l e a s t  a  t h i r t y  
second p au se  betw een r e p e t i t i o n s .  The o th e r  group se rv ed  a s  a  
c o n t r o l .  The l e f t  elbow f le x o r s  was th e  m uscle group t r a in e d .  A 
new 1-RM was computed th e  f i r s t  day o f  each  week. He found a  
s ig n i f i c a n t  d if f e r e n c e  betw een th e  groups i n  b o th  iso m e tr ic  and 
dynamic s tr e n g th  and w orking c a p a c ity .  The r e s u l t s  o f  t h i s  s tu d y  
were compared to  t h a t  o f  a n o th e r  s tu d y  in  which on ly  60 p e r  c e n t o f  
th e  1-RM was used  in  t r a in i n g  and no s ig n i f i c a n t  in c re a s e s  were
52Jo rgen  W. Hansen, "The T ra in in g  E f f e c t  o f  Dynamic Maximal 
R e s is ta n c e  E x e rc is e ,"  I n te rn a t io n a le  Z e i t s c h r i f t  Fur Angewandte 
P h v s io lo g ie  E in s c h l ie s s l ic h  A rb e its p h v s io lo g ie . XIX (1 9 6 3 ), 420- 
424.
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found . From th e  com parison he concluded t h a t  "maximal te n s io n s  a re  
e s s e n t i a l  f o r  develop ing  th e  iso m e tr ic  s t r e n g th  o f  a  m uscle, w h ile  
dynamic m uscle c o n tra c t io n s  w ith  sub-maximal lo a d  do n o t seem to  
a f f e c t  th e  iso m e tr ic  s t r e n g th  to  a  c o n s id e ra b le  d e g ree . .
K le in ^  has found t h a t  th e  deep sq u a t e x e rc is e  used  in  
p h y s ic a l  c o n d itio n in g  and w eight t r a in in g  program s i s  in ju r io u s  to  
th e  knee jo i n t  and he has  s ta te d  t h a t  i t  "shou ld  be d isco u rag ed  from 
th e  s ta n d p o in t o f  i t s  d e b i l i t a t i v e  e f f e c t  on th e  lig a m e n ta l s t r u c tu r e s  
o f  th e  k n ee ."
On th e  o th e r  hand , Drury and T o w n ley ^  conducted  a  su rv ey  to  
de term ine  th e  e f f e c t  o f  deep sq u a ts  upon th e  knee o f  a th l e t e s  du rin g  
and a f t e r  th e  co m p e titiv e  p e r io d  and th e n  compared th e s e  r e s u l t s  
w ith  a  su rvey  o f  n o n -a th le te s  on th e  c o n d it io n  o f  th e  knee j o i n t .
They concluded th a t  "from  th e s e  o b se rv a tio n s  th e  deep knee bend 
e x e rc is e  w i l l  have n e i th e r  a  tem porary  n o r  perm anent harm ful e f f e c t  
on th e  k n e e ."  They f u r t h e r  concluded t h a t  t h e i r  o b se rv a tio n s  
in d ic a te d  " th a t  t h i s  ty p e  o f  e x e rc ise  can be an im p o rtan t f a c t o r  in  
th e  p rev e n tio n  o f  in ju r y  t o  th e  knee and in  m a in ta in in g  a  knee from 
aches and p a in s  in  l a t e r  l i f e . "
^ K . K. K le in , "The Deep Squat E x e rc is e  a s  U t i l iz e d  in  Weight 
T ra in in g  f o r  A th le t ic s  and i t s  E f fe c t  on th e  Ligam ents o f  th e  K nee," 
Jo u rn a l  o f  th e  A sso c ia tio n  f o r  P h y s ic a l and M ental Rehab i l  i t  a t  i o n ,
XV-" (196177 57"
^ F r a n c i s  A. Drury and J .  A. Townley, "The E f fe c ts  o f  th e  
Deep Knee Bend, o r  'Squat* E x e rc is e s , Upon th e  Knees" (u n p u b lish ed  
s tu d y , L o u is ian a  S ta te  U n iv e r s i ty ) .
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P ie rso n  summarizes P . J .  R asch 's s ta te m e n ts  a t  a symposium 
on w eight t r a in i n g  and a t h l e t i c s  w ith th e  fo llo w in g  s ta te m e n ts .
The b a s ic  p r in c ip le s  invo lved  in  an y  w eight t r a in in g  
program : (a )  th e  o v e rlo a d  p r in c ip le ,  (b )  fa t ig u e  i s  n o rm a l and 
i t  i s  n e c e ssa ry  t h a t  i t  be ex p e rien ced , (c )  th e  e x e rc is e  m ust 
be p ro g re s s iv e  in  n a tu r e ,  (d) w ith t h e  p o s s ib le  e x c ep tio n  o f  
th e  knee j o i n t ,  e x e rc is e s  should be made through th e  e n t i r e  
range o f  movement, (e )  r e s t  pauses s h o u ld  be taken b e tw een  
e x e rc is e s  o r  s e ts  o f  e x e r c is e s ,  ( f )  w o rk o u ts  should be a t  
r e g u la r  i n t e r v a l s ,  and (g ) th e  e x e rc is e  should  be as s p e c i f i c  
to  th e  s p e c ia l ty  o f th e  a th le t e  as  p o s s i b l e . 55
Iso m e tr ic  T e s tin g  and T ra in in g
Numerous s tu d ie s  have been review ed concern ing  is o m e tr ic  
t e s t i n g  and t r a in in g  in  th e  s e c t io n  o f t h i s  c h a p te r  t i t l e  S t r e n g th  
D evelom ent (pages 8-19) • O nly supp lem entary  a r t i c le s  o f  a d d i t i o n a l  
i n t e r e s t  w i l l  be review ed in  t h i s  s e c t io n .
I t  was th e  purpose o f  a  study by L i n d e b u r g 5 6  to  d e te rm in e  
th e  most e f f i c i e n t  ang le  a t  which a  maximum m uscular e f f o r t  c o u ld  
be ach ieved  in  th e  in v e r te d  l e g  p re ss . T h ir ty -s e v e n  high s c h o o l  
boys were t e s t e d  a t  an g les  o f  th e  leg  on t h e  th ig h  of 100°, 1 1 0 ° , 
120°, 130°, and 140°. These a n g le s  were c h o se n  because a  p r e v io u s  
s tu d y  had de term ined  th a t  a t  an g les  o f 90° o r  l e s s  and 150° o r  more 
th e  m uscles co u ld  n o t o p e ra te  a t  maximum e f f i c i e n c y .  "The a n g le
'’^W illiam  R. P ie rs o n , " In  New D ir e c t io n s  in  Weight T r a in in g  
and A th le t ic s — Report o f  a  Symposium,11 J o u r n a l  o f  th e  A s s o c ia t io n  
f o r  P h y s ic a l and M ental R e h a b i l i ta t io n . XV (196TT. 114-115.
'  F ra n k lin  A. L in d eb u rg , "Leg Angle a n d  Muscular E f f i c i e n c y  
in  th e  In v e r te d  Leg P r e s s ,"  R esearch Q u a r te r ly .  XXXV (1964) ,  1 7 9 -  
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betw een th e  le g  and th ig h  was m easured w ith  a  p r o t r a c to r  to  th e  
n e a r e s t  10 °. The p r o t r a c to r  was p lac ed  a t  th e  m a lle o lu s  bone on 
th e  a n k le , th e  head  o f  th e  t i b i a  on th e  k n ee , and th e  m iddle o f  
th e  t h i g h ."  He found no s ig n i f i c a n t  d i f f e r e n c e  betw een th e  s tr e n g th  
a t  any  o f  th e  a n g le s  t e s t e d  and concluded t h a t  m uscu lar e f f ic ie n c y  
th ro u g h o u t th e  m idd le  range o f  knee j o i n t  e x te n s io n  i s  more o r  l e s s  
g e n e ra l .
K ro ll^ ?  in v e s t ig a te d  th e  e f f e c t s  o f  f i v e ,  t e n ,  and f i f t e e n  
r e p e t i t i o n s  in  b o u ts  o f  f iv e  each upon c r i t e r i o n  s t r e n g th  m easures 
ta k e n  two weeks l a t e r .  Three groups w ere m atched on th e  b a s is  o f  
th e  i n i t i a l  r i g h t  w r is t  f l e x o r  s tr e n g th  and were g iven  one, tw o , 
and th r e e  se s s io n s , r e s p e c t iv e ly ,  each o f  f iv e  t r i a l s .  Two weeks 
l a t e r  th e  groups w ere t e s t e d  in  th e  same manner u n d er th e  same 
c o n d i t io n s .  The a u th o r  found no s ig n i f i c a n t  d if f e r e n c e s  f o r  any o f  
th e  t e s t - r e t e s t  s i t u a t i o n s .  A lso found was t h a t  th e  a b s o lu te  l e v e l  
o f  s tr e n g th  d id  n o t v a ry  w ith  th e  number o f  t r i a l s  g iv e n . Based upon 
th e s e  f in d in g s ,  K ro l l  concluded th a t  t r i a l  v a r ia n c e  on th e  f i r s t  day 
d id  n o t  s ig n i f i c a n t ly  a f f e c t  th e  c r i t e r i o n  s tr e n g th  m easures in  th e  
r e t e s t  s i tu a t io n  two weeks l a t e r .
M a rc e l^  u sed  s ix ty  m ale s u b je c ts  in  th e  sev en th  g rade  and
57W alter K r o l l ,  "A R e lia b le  Method o f  A ssessin g  Iso m e tr ic  
S t r e n g th ,11 R esearch  Q u a r te r ly . XXXIV (1963)* 350-355*
58N. A. M arce l, "The E f f e c t  o f  Knowledge o f  R e s u lts  a s  a  
M o tiv a tio n  on P h y s ic a l  Perform ance" (u n p u b lish ed  s tu d y , L o u is ian a  
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d iv id e d  them in to  two groups o f  t h i r t y  each . S u b je c ts  perform ed s ix  
iso m e tr ic  e x e rc is e s  th r e e  tim e s  a  week f o r  s ix  w eeks. One group was 
t o l d  t h e i r  d a i ly  sc o re s  w h ile  th e  o th e r  group d id  n o t know th e  
p ro g re s s  th e y  were m aking. The a u th o r  found t h a t  bo th  groups made 
s ig n i f i c a n t  g a in s  in  s tr e n g th  which would in d ic a te  t h a t  a  th r e e  day 
a  week, once a  day , s ix  second iso m e tr ic  c o n tr a c t io n  in  forearm  
f le x io n ,  l e g  f le x io n ,  and le g  e x te n s io n  would produce s tr e n g th  g a in s .  
The group hav ing  knowledge o f  t h e i r  p ro g re ss  had a  g r e a te r  mean o f 
g a in s  th a n  th o s e  n o t knowing t h e i r  d a i ly  s c o re s .
CHAPTER III
PROCEDURE
I .  OVERVIEW OF PROCEDURES
One hundred  tw en ty  m ale u n d erg rad u a te  s tu d e n ts  e n ro lle d  in  
th e  re q u ire d  p h y s ic a l  e d u c a tio n  a c t i v i t y  c la s s e s  o f  badm inton, 
v o l le y b a l l ,  a rc h e ry , t e n n i s ,  and in tro d u c tio n  to  p h y s ic a l  a c t i v i t y  
a t  C e n tra l M isso u ri S ta te  C o lle g e , W arrensburg, M isso u ri were used  
a s  s u b je c ts .  The s u b je c ts  were random ly a ss ig n e d  t o  f iv e  groups o f  
tw e n ty -fo u r  s u b je c ts  each on th e  b a s is  o f  a c t i v i t y  c la s s  en ro llm en t 
w ith  fo u r  s u b je c ts  from a rc h e ry , f iv e  from v o l l e y b a l l ,  s ix  from  
badm inton, f o u r  from t e n n i s ,  and f iv e  from  in tro d u c tio n  to  p h y s ic a l  
a c t i v i t y  com prising  each g roup . 3h t h i s  way any b ia s  was e lim in a te d  
t h a t  m ight o ccu r due to  en ro llm en t in  a  p a r t i c u l a r  a c t i v i t y .
S tu d en ts  who w ere p a r t i c ip a t in g  in  an ex fcrac lass c o n d itio n in g  program , 
s tu d e n ts  in  a  r e s t r i c t e d  a c t i v i t y  program  due to  a  p h y s ic a l  im p a ir­
m ent, and v a r s i t y  a th l e t e s  were excluded  from th e  s tu d y .
A ll s u b je c ts  underw ent a  one week f a m i l i a r i t y  program  which 
in c lu d ed  p r a c t i c e  w ith  all- o f  th e  t e s t s  and t r a in in g  p ro ced u res  
u t i l i z e d  in  th e  s tu d y . The 120 s u b je c ts  were th e n  t e s t e d  a t  95°>
125°, and 155° an g les  o f  th e  le g  on th e  th ig h  in  th e  iso m e tr ic  h ip  
p r e s s  ( u t i l i z i n g  b o th  l e g s ) .  Also t e s t e d  were th e  i s o to n ic  h ip  
p re s s  ( u t i l i z i n g  bo th  le g s )  and v e r t i c a l  jumping a b i l i t y .  S p e c if ic
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groups re c e iv e d  r e t e s t s  in  is o m e tr ic s ,  i s o to n ic s  and v e r t i c a l  
jumping a b i l i t y  to  de term ine th e  r e l i a b i l i t y  o f  th e  t e s t i n g  p ro ­
ced u re .
A f te r  th e  i n i t i a l  t e s t i n g ,  th e  120 s u b je c ts  were d iv id e d  in to  
th e  f iv e  t r a in i n g  g ro u p s, and th e  in d iv id u a l  groups began th e  
fo llo w in g  th r e e  day a  week, seven weeks t r a in in g  program in  conjunc­
t i o n  w ith  th e  p h y s ic a l  e d u ca tio n  c l a s s .  Group I  t r a in e d  in  th e  
iso m e tr ic  h ip  p r e s s  a t  a  95° an g le  o f  th e  k n ee ; Group I I  t r a in e d  in  
th e  iso m e tr ic  h ip  p re s s  a t  a  125° an g le  o f  th e  k n ee j Group I I I  
t r a in e d  in  th e  iso m e tr ic  h ip  p r e s s  a t  a  155® a n g le  o f  th e  knee;
Group IV t r a in e d  i s o to n ic a l ly  in  th e  h ip  p re s s  th ro u g h  a  90° ran g e  
o f  m otion b eg in n in g  a t  a  90° a n g le  o f  th e  knee and co n tin u in g  to  
th e  lo c k o u t p o s i t io n ;  and Group V serv ed  a s  th e  c o n tr o l  group, 
p a r t i c ip a t in g  o n ly  in  th e  schedu led  p h y s ic a l  e d u ca tio n  c l a s s .
D uring th e  sev en th  week o f  t r a in in g  a l l  groups re p e a te d  th e  
f a m i l i a r i t y  program  and co n tin u ed  t h e i r  a s s ig n e d  t r a in in g  r o u t in e .  
Upon com pletion  o f  th e  seven  week t r a in in g  program  a l l  s u b je c ts  
re p e a te d  th e  i n i t i a l  t e s t i n g  p ro c ed u re .
I I .  FAMILIARITY PROCEDURE
The i n i t i a l  week o f  th e  s tu d y  se rv ed  n o t o n ly  to  f a m i l ia r iz e  
th e  s u b je c ts  w ith  th e  t e s t i n g  and t r a in in g  p ro ced u res  b u t a ls o  b e t t e r  
a c q u a in te d  th e  a s s i s t a n t  t e s t e r s  w ith  th e  p ro ce d u re s  to  be fo llo w ed . 
The f a m i l i a r i t y  program was adop ted  in  an  a tte m p t to  e l im in a te ,  a s  
much a s  p o s s ib le ,  th e  g a in s  rec o rd ed  betw een groups due t o  p r a c t ic e
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in  th e  t e s t i n g  p ro ce d u re , which would n o t be  an  a c tu a l  r e p re s e n ta t io n  
o f  in c re a se d  m uscular s tr e n g th .  The s u b je c ts ,  upon r e p o r t in g  to  
c l a s s ,  p roceeded  to  one o f  f iv e  s ta t io n s ^  th e  th re e  is o m e tr ic  
s t a t i o n s ,  th e  i s o to n ic  s t a t i o n  o r  th e  v e r t i c a l  jumping s t a t i o n .  
S u b je c ts  r o ta te d  from  s ta t io n  to  s ta t io n  u n t i l  a l l  th r e e  p ro ced u res  
were p r a c t ic e d .
The iso m e tr ic  f a m i l i a r i t y  p ro ced u re  c o n s is te d  o f  one maximum 
iso m e tr ic  c o n tra c t io n  a t  each an g le  (9 5 ° , 12 5 °, and 155°) u nder t e s t  
c o n d it io n s .
The is o to n ic  f a m i l i a r i t y  p rocedure  c o n s is te d  o f  u t i l i z i n g  a  
r e l a t i v e l y  l i g h t  r e s i s ta n c e  (body w eigh t) f o r  t e n  to  tw en ty  r e p e t i ­
t i o n s  on th e  f i r s t  day , th e  6-RM to  10-RM on th e  second d a y , and th e  
1-RM to  2-RM on th e  l a s t  day . The is o to n ic  t e s t  c o n d it io n s  were 
adhered  to  w ith  th e  ex cep tio n  o f  th e  w eigh t u sed  on th e  f i r s t  two 
d ay s .
The v e r t i c a l  jumping f a m i l i a r i t y  p ro ced u re  c o n s is te d  o f  f iv e  
maximum jumps under t e s t  c o n d it io n s .
The seven th  week f a m i l i a r i t y  p ro ced u re  was i d e n t i c a l  t o  th e  
f i r s t  week w ith  th e  ex cep tio n  th a t  th e  i s o to n ic  group co n tin u ed  t h e i r  
t r a in i n g  ro u tin e  r a th e r  th a n  re p e a t th e  i s o to n ic  f a m i l i a r i t y  ro u t in e .
I I I .  TESTING PROCEDURE
Iso m e tr ic
A ll  s u b je c ts  were t e s t e d  i n i t i a l l y  and f i n a l l y  in  an iso m e tr ic  
h ip  p re s s  e x e rc is e  a t  95% 125" and 155° a n g le s  o f  th e  le g  on th e
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th ig h .  Groups I ,  I I ,  and I I I  -were r e t e s t e d  on th e  day fo llo w in g  th e  
i n i t i a l  t e s t  a t  95% 12 5 °, and 155° a n g le s  r e s p e c t iv e ly  f o r  a 
r e l i a b i l i t y  check o f  th e  t e s t in g  p ro c e d u re . The equipm ent used in  
iso m e tr ic  t e s t i n g  was two I s o - s c a le s ,  one le g  dynamometer, th re e  
fo o tb o a rd s , and th r e e  p r e - s t r e tc h e d  n y lo n  web b e l t s .  A lso , th re e  
goniom eters and a s to p  w atch were u t i l i z e d .  Three a s s i s t a n t  t e s t e r s ,  
one a t  each  o f th re e  t e s t i n g  s ta t io n s  a id e d  in  a d m in is te r in g  th e  
t e s t s .
The ang le  o f  t h e  le g  on th e  th ig h  was d e te rm in ed  by p la c in g  
one a m  o f  a  goniom eter on th e  l a t e r a l  m a lle o lu s , th e  a x is  on th e  
l a t e r a l  su rfa c e  o f  th e  l a t e r a l  co n d y le ' o f  th e  t i b i a ,  and  th e  o th e r  
arm o f  th e  goniom eter a lo n g  th e  f r o n t a l  m id lin e  o f  th e  th ig h .  Once 
th e  b e l t  loop  which p ro v id e d  th e  d e s i r e d  an g le  f o r  each  su b je c t was 
d e te rm in ed , f u r th e r  m easurem ents w ere u n n ecessa ry . F ig u re  I  p re s e n ts  
a  p ho tog raph  o f th e  a n g le  d e te rm in a tio n  p ro cedure .
A s to p  b a r  f o r  th e  h e e l was s e c u re d  to  each fo o tb o a rd  in  o rd e r  
t h a t  e v e ry  su b je c t was p o s itio n e d  i d e n t i c a l l y  w ith  r e s p e c t  to  ev ery  
o th e r  s u b je c t .  T his in su re d  th e  same a n g le  o f  p u l l  around  th e  
b e a r in g  le a d in g  to  t h e  I s o - s c a le .
The p o s it io n  t o  be assumed by t h e  su b je c t was w ith  th e  d e s ir e d  
an g le  o f  th e  le g  on th e  th ig h  w hile  t h e  back was p a r a l l e l  w ith  th e  
f l o o r .  The b e l t  was p o s it io n e d  o v e r  t h e  low er th r e e  lum bar v e r te b ra e .  
The s u b je c t  waB in s t r u c te d  to  keep th e  h e e ls  on th e  f l o o r  a t  a l l  




o ccu rred . F igu re  2 p re s e n ts  a  photograph o f  th e  iso m e tr ic  t e s t in g  
p ro ced u re .
The su b je c t was in s t r u c te d  to  g ra d u a lly  b u ild  to  maximum 
e x e r tio n  r a th e r  th an  to  "explode11 in to  th e  b e l t .  A maximum co n trac ­
t io n  was e x e r te d  f o r  t e n  seconds d u rin g  which tim e th e  a s s i s ta n t  
t e s t e r  v e rb a l ly  encouraged th e  su b je c t to  p u t ou t a  maximum e f f o r t .  
The sco re  th u s  ach ieved  was reco rd ed  a s  th e  maximum iso m e tr ic  
c o n tra c tio n  f o r  th e  in d iv id u a l a t  t h a t  an g le .
An an g le  was t e s t e d  by th e  same s c a le  th roughou t th e  d u ra tio n  
o f  th e  s tu d y . The head t e s t e r  gave a  b r i e f  o r ie n ta t io n  to  a l l  
s u b je c ts .  Then a l l  o f  th e  s u b je c ts  in  a  p a r t i c u la r  a c t i v i t y  were 
t e s te d  a t  one ang le  and when t e s t s  a t  t h a t  an g le  were com pleted, 
a l l  s u b je c ts  proceeded to  th e  n ex t an g le  u t i l i z i n g  th e  same t e s t i n g  
o rd e r . The o rd e r  in  which th e  a n g le s  were t e s t e d  was a l te r n a te d  
w ith  each a c t i v i t y  group to  exclude any p o s s ib le  e f f e c t  t h a t  p r io r  
t e s t i n g  m ight have on subsequent t e s t i n g .  Each a s s i s ta n t  t e s t e r  was 
re sp o n s ib le  f o r  th e  c o r re c t  ang le  f o r  each in d iv id u a l  by use o f th e  
goniom eter. When a  s u b je c t  was p ro p e r ly  p o s it io n e d , a  s ig n a l  was 
given  to  b eg in  th e  te n  second maximum e f f o r t  and a  second s ig n a l  to  
stop  was g iv en  a t  th e  end o f  th e  te n  second p e r io d . T his con tinued  
u n t i l  th e  e n t i r e  a c t i v i t y  group was te s te d  a t  t h i s  one a n g le .
Iso to n ic
A ll  s u b je c ts  were t e s t e d  i n i t i a l l y  and f in a l l y  in  an is o to n ic  





l i f t e d  one tim e (l-RM) from  a  beg inn ing  an g le  o f  90° o f  th e  le g  on 
th e  th ig h  to  th e  lo c k o u t p o s i t io n  (1 8 0 ° ). Group IV was r e t e s t e d  on 
th e  day  fo llo w in g  th e  i n i t i a l  t e s t  to  d e te rm in e  th e  r e l i a b i l i t y  o f 
th e  t e s t i n g  p ro ced u re . The equipm ent used  was th r e e  e x e rc is e  t a b l e s ,  
th r e e  p r e - s t r e tc h e d  n y lo n  web b e l t s ,  th r e e  back p ad s , th r e e  w eight 
su sp en sio n  b a r s ,  1200 pounds o f  p l a t e  w e ig h ts  and th r e e  gon iom eters . 
Three a s s i s t a n t  t e s t e r s ,  one a t  each o f  th r e e  t e s t i n g  s t a t i o n s ,  a id ed  
in  th e  a d m in is t r a t io n  o f  th e  t e s t s .
The a n g le  o f  th e  le g  on th e  th ig h  was de term ined  a s  in  th e  
iso m e tr ic  t e s t .  (See F ig u re  1 , page 4 2 .)  Once th e  ad ju stm en t f o r  
th e  b e l t  lo o p  was d e te rm in ed , f u r th e r  m easurem ents were u n n ecessa ry . 
The s u b je c t  assumed a  s ta n d in g  p o s i t io n  upon th e  t a b le  w ith  th e  back 
p a r a l l e l  to  th e  f l o o r .  W ith th e  w eight r e s t i n g  on th e  f l o o r ,  th e  
b e l t  lo o p  was de term ined  w hich allow ed a  maximum 90° an g le  o f  th e  
knee j u s t  a s  th e  w eigh t to u ch ed  th e  f lo o r .  To com plete an a c c e p ta b le  
r e p e t i t i o n ,  th e  s u b je c t  was re q u ire d  to  l i f t  th e  w eight from th e  
f l o o r ,  th ro u g h  th e  range o f  m otion to  th e  lo c k o u t p o s i t io n  a t  a  180° 
an g le  and th e n  r e tu r n  th e  w eigh t to  th e  f l o o r .  B efore a  second 
r e p e t i t i o n  was i n i t i a t e d  th e  w eight was r e q u ire d  to  to u ch  th e  f lo o r ,  
b u t o n ly  m om entarily , and th e n  th e  l i f t  was ag a in  a ttem p ted  to  th e  
lo c k o u t p o s i t io n .  F ig u re  3 i l l u s t r a t e s  th e  is o to n ic  t e s t i n g  
p ro ced u re .
The p o s i t io n  o f  th e  s u b je c t  was n e a r ly  id e n t i c a l  t o  t h a t  o f  
th e  iso m e tr ic  t e s t  ex cep t th e  hands g rasp ed  th e  "s tead y  b a r"  in  





lum bar v e r te b ra e .  The s u b je c t  was in s t r u c te d  to  keep th e  h e e ls  f l a t  
on th e  t a b l e  a t  a l l  tim es  and th e  a s s i s t a n t  t e s t e r  s te a d ie d  th e  
w eight and th e  s u b je c t  i f  needed.
The approxim ate 1-RM was found d u rin g  th e  l a s t  day o f  th e  
f a m i l i a r i t y  p ro ced u re . W ith t h i s  a s  a  g u id e , te n  pound increm ents 
were added u n t i l  th e  1-RM was found. A minimum two m inute  r e s t  
p e r io d  was ta k e n  between l i f t s . -*■ The r e s i s ta n c e  th u s  l i f t e d  was 
rec o rd ed  a s  th e  maximum is o to n ic  sco re  f o r  th e  in d iv id u a l .
V e r t ic a l  Jump
A ll s u b je c ts  were t e s t e d  i n i t i a l l y  and f i n a l l y  u s in g  a 
m o d ified  v e r t i c a l  jump t e s t .  A group o u ts id e  o f  th e  proposed  s tudy  
was t e s t e d  and r e t e s t e d  to  determ ine th e  r e l i a b i l i t y  o f  th e  t e s t i n g  
p ro c e d u re . The ap p a ra tu s  used  was a  b e l t ,  c lo se d  fa c e  sp in n in g  
r e e l ,  and o th e r  m isce lla n eo u s  item s, shown in  F ig u re  4  which p re s e n ts  
a photograph  o f  th e  v e r t i c a l  jump t e s t i n g  a p p a ra tu s .
A ttached  to  th e  s id e  c e n te r  o f  th e  b e l t  was a  hook to  which 
th e  m easuring a p p a ra tu s  was a tta c h e d . The m easuring d ev ice  c o n s is te d  
o f  an o rd in a ry  c lo se d  fa c e  sp in n in g  r e e l  w ith  p r e - s t r e tc h e d  l i n e .
The r e e l  was a tta c h e d  to  one end o f  a  f i v e  fo o t  lo n g , one in ch  by 
fo u r  in ch  b o ard . Eyescrews were in s e r te d  in to  th e  b o ard  n e a r  th e  
r e e l  and a t  th e  o p p o s ite  end o f  th e  b o ard . Between th e  eyescrew s,
R ichard  A. B erg er, "Comparison o f  th e  E f fe c t  o f  V arious 
W eight T ra in in g  Loads on S tre n g th ,"  R esearch  Q u a r te r ly . XXXVI (19&5)> 142.
FIGURE 4 
VERTICAL JUMP TESTING APPARATUS
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th e  board  was marked o f f  in  £ - in c h  segments f o r  a  d is ta n c e  o f th re e  
f e e t .  The l in e  from th e  r e e l  was p laced  th rough  th e  eyescrew s and 
a tta c h e d  to  th e  hook o f  th e  b e l t .  A sp rin g  c l i p  was a tta c h e d  to  
th e  l i n e  a t  th e  zero  mark on th e  board b e fo re  each jump. The board  
was s o l id ly  a tta c h e d  to  th e  f lo o r .  On th e  f lo o r  a t  th e  end o f  th e  
board  a  tw enty  inch  square was marked o f f  w ith in  which th e  su b je c t 
was re q u ire d  to  i n i t i a t e  th e  jump.
The b e l t  was snugly  p o s itio n e d  a t  th e  i l i a c  c r e s ts  and th e  
l in e  a t ta c h e d  to  th e  hook on th e  b e l t .  The s u b je c t  g rasped  h is  
sh o r ts  and h e ld  them th roughou t th e  jump. The back was h e ld  a s  
s t r a ig h t  as  p o s s ib le  ( c o n s is te n t w ith  ba lan ce) on th e  knee f le x io n  
movement. The su b je c t th e n  execu ted  th e  jump and th e  d is ta n c e  
jumped was th e  d is ta n c e  th e  c l ip  on th e  l in e  had moved along  th e  
b oard . To be co n sid e red  a  good jump, th e  su b je c t was re q u ire d  to  
lan d  in  th e  tw enty  inch sq u are . The b e s t o f  th re e  jumps was reco rded  
as  th e  v e r t i c a l  jump sc o re . F ig u re  5 p re se n ts  photographs o f  th e  
v e r t i c a l  jump t e s t i n g  p ro cedure .
IV. TRAINING PROCEDURE
The t r a in in g  p e rio d  was seven weeks in  le n g th .  Group V 
served  a s  th e  c o n tro l  group and rece iv ed  no t r a in in g  o th e r  th an  
p a r t ic ip a t io n  in  t h e i r  r e g u la r ly  scheduled p h y s ic a l education  c la s se s  
and th e  f a m i l i a r i ty  ro u tin e s .
FIGURE 5 
VERTICAL JUMP TESTING PROCEDURE
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Iso m e tr ic
Groups I ,  I I ,  and I I I  t r a in e d  a t  t h e i r  r e s p e c t iv e  a n g le s  o f  
95 °, 125°, and 155° and p a r t i c ip a te d  in  t h e i r  sch ed u led  p h y s ic a l  
e d u ca tio n  c la s s e s .  The same equipm ent and te c h n iq u e  th a t  were used 
in  iso m e tr ic  t e s t i n g  were u t i l i z e d  in  th e  t r a in in g  program . Each 
s u b je c t  perform ed a  s in g le  te n  second maximum c o n tra c t io n  a t  th e  
d e s ig n a te d  a n g le ,  th r e e  days a  week. Weekly s c o re s  were reco rd ed  
on th e  l a s t  day o f  th e  t r a in i n g  week f o r  m o tiv a tio n a l p u rp o ses .
I s o to n ic
Group IV t r a in e d  in  th e  i s o to n ic  h ip  p re s s  u s in g  th e  same 
a p p a ra tu s  t h a t  was used  in  th e  i s o to n ic  t e s t i n g  a s  w e ll  as  p a r t i c i ­
p a te d  in  t h e i r  sch ed u led  p h y s ic a l  e d u c a tio n  c l a s s e s .  The 4-RM,
which has been found to  be ap p ro x im a te ly  92 .4  p e r  c e n t o f  th e
2
1-RM, was th e  t r a in in g  w e ig h t. Each s u b je c t  d id  a s  many r e p e t i t io n s  
a s  p o s s ib le  in  a  te n  second p e r io d  w ith  th e  4-RM. A new 1-RM was 
d e term ined  each  F r id a y  and from B e rg e r 's 3 c h a r t ,  t h e  4-RM was 
c a lc u la te d  f o r  t r a in i n g  th e  fo llo w in g  week.
The s u b je c t  mounted th e  bench , and th e  b e l t  was a d ju s te d  to  
th e  p red e te rm in ed  lo o p . The p ro p e r  4-RM was lo a d e d . The s u b je c t  
was p o s it io n e d  p ro p e r ly  and began th e  r e p e t i t i o n s .  When th e  su b je c t
p
R ich ard  A. B e rg e r, "D ete rm in a tio n  o f  th e  R es is ta n c e  Load 
f o r  1-RM and 10-RM," Jo u rn a l o f  th e  A sso c ia tio n  f o r  P h y s ic a l and 
M ental H e h a b i l i t a t io n t~XV~ (1961). 110.
3Ibid.
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co u ld  perfo rm  no more r e p e t i t i o n s  o r  th e  te n  second p e r io d  had 
e la p s e d , th e  w eight was low ered to  th e  f l o o r .
V. TREATMENT OF DATA
The r e l i a b i l i t y  o f  th e  t e s t i n g  p ro ced u res  was de term ined  by 
u se  o f  th e  Pearson-Product-M om ent method o f  c o r r e la t io n  on th e  
i n i t i a l  t e s t  and r e t e s t  s c o re s .
The s ig n if ic a n c e  o f  th e  d if f e r e n c e  betw een i n i t i a l  and f i n a l  
s c o re s  o f  each group on each  t e s t  was computed and th e  t - r a t i o  
a p p lie d  to  determ ine th e  s ig n i f ic a n c e  o f  th e  g a in s  w ith in  g ro u p s.
The a n a ly s is  o f  co v arian ce  te c h n iq u e  was u t i l i z e d  to  
d e te rm in e  th e  s ig n if ic a n c e  o f  th e  d if f e r e n c e  betw een groups on 
each t e s t i n g  s i t u a t i o n .  When a  s ig n i f i c a n t  F was found in  any o f 
th e  c o v a rian ce  a n a ly s e s ,  th e  o r th o g o n a l com parison te c h n iq u e  was 
u t i l i z e d  to  de term ine  th e  tre a tm e n t o r  com bination o f  t re a tm e n ts  
r e s p o n s ib le  f o r  th e  s ig n i f i c a n t  d i f f e r e n c e s  found.
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA 
I .  INTRODUCTION
The b a s ic  d a ta  an a ly zed  in  th e  s tu d y  w ere th e  i n i t i a l  and 
f i n a l  t e s t  s c o re s  reco rd ed  on th re e  iso m e tr ic  t e s t s  a t  95 °, 125% 
and 155° a n g le s  o f  th e  le g  on th e  th ig h ,  an is o to n ic  t e s t  th rough  
th e  same approxim ate range o f  m otion and a  v e r t i c a l  jump t e s t .
R e te s t s c o re s  a s c e r ta in e d  on each o f  th e  f iv e  t e s t s  were a ls o  
u t i l i z e d .  The raw d a ta  a re  p re se n te d  in  Appendixes A th ro u g h  E.
The s t a t i s t i c a l  te c h n iq u e s  a p p lie d  in  th e  s tu d y  w ere: ( l )  th e  
Pearson-Product-M om ent method o f  c o r r e la t io n  on i n i t i a l  and r e t e s t  
s c o re s  t o  d e te rm in e  th e  r e l i a b i l i t y  o f  th e  t e s t i n g  te c h n iq u e s ; (2) 
th e  a p p l ic a t io n  o f  th e  t  t e s t  t o  de term ine th e  s ig n if ic a n c e  o f  th e  
d if f e r e n c e  betw een c o r r e la te d  means; and (3) a n a ly s is  o f  co v arian ce  
w ith  o r th o g o n a l com parisons.
I I .  ANALYSIS OF TEST RELIABILITY
A r e t e s t  was g iven  to  th e  group e x e rc is in g  in  th e  s p e c i f ic  
iso m e tr ic  and i s o to n ic  t e s t i n g  te c h n iq u e  and a s e p a ra te  group 
o u ts id e  o f  th e  s tu d y  was t e s t e d  i n i t i a l l y  and r e t e s t e d  in  th e  v e r t i c a l  
jumping te c h n iq u e . The i n i t i a l  t e s t  and r e t e s t  s c o re s  f o r  each t e s t  
were an a ly zed  by  th e  Pearson-Product-M om ent method and c o e f f ic ie n t s  o f
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c o r r e la t io n  computed. The c o r r e la t io n s  ranged  from  a  h ig h  o f  .97  
to  a  low o f  .9 2 , and a l l  t e s t s  were deemed r e l i a b l e  f o r  th e  purpose 
o f  th e  s tu d y . C o r re la t io n  c o e f f i c i e n t s  a re  p re se n te d  in  T able I .
TABLE I
RELIABILITY COEFFICIENTS FOR INITIAL TEST AND RETEST IN THREE 
ISOMETRIC STRENGTH TEST POSITIONS, AN ISOTONIC STRENGTH
TEST AND A VERTICAL JUMP TEST
I n i t i a l  T est R e te s t r
95° Iso m e tr ic  
Mean Score 
N=24
106.04* 105.41 .9 4












V e r t ic a l  Jump 
Mean Score 
N=24
19.38** 19 .57 .95
* Pounds
** Inches
I I I .  THE SIGNIFICANCE OF THE MEAN GAIN OF EACH GROUP ON 
ISOMETRIC, ISOTONIC AND VERTICAL JUMP TESTS
The s ig n if ic a n c e  o f th e  mean d if f e r e n c e  betw een i n i t i a l  and 
f i n a l  t e s t s  w ith in  th e  in d iv id u a l  groups on each o f  th e  f iv e  t e s t s
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was e s ta b l i s h e d  by a p p l ic a t io n  o f  th e  t - r a t i o .  To reach  s i g n i f i ­
cance a t  th e  .01  l e v e l  o f  p r o b a b i l i ty  f o r  23 (24-1) d eg rees  o f 
freedom , a  t - r a t i o  o f  2 .8 1  was r e q u ire d  and a  t - r a t i o  o f  2 .0 7  was 
r e q u ire d  a t  th e  .05 l e v e l .  Each a n a ly s is  i s  p re se n te d  in d iv id u a l ly  
by t e s t i n g  te c h n iq u e .
95° Iso m e tr ic  S tre n g th  T e s t
A t - r a t i o  o f  2 .9 2  was found when th e  i n i t i a l  and f i n a l  mean 
s tr e n g th  t e s t  sc o re s  a t  95° were compared f o r  Group I  which ex e rc ise d  
a t  95°. T ab le I I  in d ic a te s  th a t  t h i s  t-w as  s ig n i f ic a n t  a t  th e  .01 
le v e l  o f  p r o b a b i l i ty  and th e re fo re  th e  mean g a in  o f  8 .9 6  pounds from 
i n i t i a l  t o  f i n a l  t e s t s  was s ig n i f i c a n t ,  th u s  in d ic a t in g  t h a t  iso m e tr ic  
e x e rc is e  in  th e  95° p o s i t io n  d id  in c re a s e  s tr e n g th  a t  t h a t  same 
p o s i t io n .
The o n ly  o th e r  group to  show a  s ig n i f i c a n t  g a in  a t  t h i s  
p o s i t io n  was Group IV, th e  s u b je c ts  who e x e rc is e d  i s o to n ic a l ly .  A 
mean g a in  o f  6 .25 pounds y ie ld e d  a  t - r a t i o  o f  2 .1 1 , which was s i g n i f i ­
can t a t  th e  .05 l e v e l  o f  p r o b a b i l i ty .  T h e re fo re , an i s o to n ic  
e x e rc is e  ro u tin e  a s  u t i l i z e d  in  t h i s  s tu d y  d id  s ig n i f i c a n t ly  
in c re a se  iso m e tr ic  s t r e n g th  a t  a  95° a n g le  o f  th e  le g  on th e  th ig h .  
(See T ab le  I I . )
Group I I  which e x e rc is e d  is o m e tr ic a l ly  a t  125° showed a  mean 
g a in  o f  1 .2 5  pounds and a  t - r a t i o  o f  . 46 ,  which was n o t s ig n i f i c a n t .  
Iso m e tric  s tr e n g th  a t  95° was n o t s ig n i f i c a n t ly  in c re a se d  when an 
iso m e tr ic  e x e rc is e  was perform ed a t  125°. (See T able I I . )
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TABLE II
SIGNIFICANCE OF MEAN DIFFERENCE BETWEEN INITIAL
AND FINAL TEST SCORES AT 95° KNEE EXTENSION
FOR GROUPS I, II, III, IV AND V (N=24)
Mean
0 D i f f .Group Mean D iff . t P
I  (95°)
I n i t i a l  106 .04
8.96
F in a l  115.00
I I  (125°)
I n i t i a l  104-79
1.25
F in a l  106 .04
I I I  (155°)
I n i t i a l  105-21
-4 .3 8
F in a l  100.83
IV ( I s o to n ic )
I n i t i a l  94-17
6.25
F in a l  100 .42
V (C o n tro l)
I n i t i a l  105 .21
-8.96
Final 96.25
3 .0 7  2 .92  .01
2 .7 1  .46  NS
2 .9 2  1 .5 0  NS
2 .9 7  2 .1 1  .05
3.46 2.59 .05
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Groups I I I  (e x e rc is e d  a t  155°) and V (c o n tro l)  were found to  
have n e g a tiv e  mean g a in s  o f  4*38 pounds and 8 .96  pounds, r e s p e c t iv e ly .  
A t - r a t i o  o f  1 .5 0  was computed f o r  Group I I I  and was n o t s ig n i f ic a n t  
b u t th e  t  o f  2 .5 9  f o r  Group V was s ig n i f i c a n t  a t  th e  .05  le v e l  o f  
p r o b a b i l i ty .  Whereas Group I I I  in d ic a te d  t h a t  e x e rc is e  a t  155° d id  
n o t s ig n i f i c a n t ly  in c re a s e  s tr e n g th  m easured a t  95° ,  th e  r e s u l t s  
from Group V showed a  s ig n i f i c a n t  d ec rease  in  s tr e n g th  a t  95°• I t  
- was h y p o th es ize d  t h a t  - th is  r e s u l t  was due to  th e  un iq u en ess  and 
d i f f i c u l t y  o f  th e  t e s t i n g  p ro ced u re  combined w ith  th e  la c k  o f 
m o tiv a tio n  in  th e  f i n a l  t e s t i n g  s i t u a t io n .  (See T able I I ,  page 5 6 .)
125° Iso m e tr ic  T est
From T able I I I  i t  can be seen  th a t  a  s ig n i f i c a n t  t - r a t i o  
was found f o r  a l l  groups on th e  125° iso m e tr ic  t e s t .  Groups I  
( t r a in e d  a t  9 5 ° ) ,  I I  ( t r a in e d  a t  1 2 5 ° ) , I I I  ( t r a in e d  a t  1 5 5 °), 
and Group IV ( t r a in e d  i s o to n ic a l ly )  r e f l e c te d  mean g a in s  o f  87 .08  
pounds, 125.83 pounds, I I I .0 4  pounds, and 116.04  pounds, r e s p e c t iv e ­
l y .  These mean g a in s  r e s u l te d  in  t - r a t i o s  s ig n i f i c a n t  a t  th e  .01 
l e v e l  o f  p r o b a b i l i ty  o f  4 .2 3 , 8 .1 9 , 5*28, and 7*42, r e s p e c t iv e ly .  
T h e re fo re , iso m e tr ic  e x e rc is e  a t  95° } 125°, 155° ,  and is o to n ic  
e x e rc is e  w i l l  s i g n i f i c a n t ly  in c re a s e  s t r e n g th  a t  125° a s  determ ined  
by t h i s  s tu d y .
Group V y ie ld e d  a  mean g a in  o f 45 .42  pounds and a  t - r a t i o  o f 
2 .1 2  which was b a re ly  s ig n i f i c a n t  a t  th e  .05 le v e l  o f  p r o b a b i l i ty .  
A lthough s ig n i f i c a n t ,  th e  la rg e  d if f e r e n c e  betw een th e  g a in  f o r
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TABLE III
SIGNIFICANCE OF MEAN DIFFERENCE BETWEEN INITIAL AND
FINAL TEST SCORES AT 125° KNEE EXTENSION FOR
GROUPS I, II, III, IV AND V (N=24)
Mean
Group Mean D if f . t P
I  (95°)
I n i t i a l  328 .54
F in a l  415.62
I I  (125°)
I n i t i a l  344-38
F in a l  470.21
I I I  (155°)
I n i t i a l  322 .71
F in a l  433-75
IV ( I s o to n ic )
I n i t i a l  281.67
F in a l  397-71
V (C o n tro l)
I n i t i a l  - 308.13






















Group V and a l l  o th e r  groups should  be n o ted , and i t  i s  a lso  p o in te d  
ou t t h a t  th e  l a r g e s t  g a in  was a t  th e  125° p o s i t io n  o f  e x e rc is e .  (See 
Table I I I ,  page 5 8 .)
155° Iso m e tr ic  T est
T able IV r e f l e c t s  th e  f a c t  t h a t  a l l  groups on th e  155° 
iso m e tr ic  t e s t  were found to  have a  s ig n i f ic a n t  t - r a t i o  a t  th e  .01 
l e v e l  o f  p r o b a b i l i ty .  Mean g a in s  o f  234*38 pounds, 283.13 pounds, 
270.21 pounds, 247*29 pounds and 198.33 pounds and t - r a t i o s  o f  5*44, 
5 .5 1 , 7*27, 6 .3 0  and 4*90 were found f o r  Groups I  (9 5 ° ) ,  I I  (1 2 5 °),
I I I  (1 5 5 °), IV- ( i s o to n ic )  and V ( c o n t r o l ) ,  r e s p e c t iv e ly .
Again i t  should  be p o in te d  o u t t h a t  th e  c o n tro l  group (Group V) 
ach iev ed  th e  s m a lle s t  mean g a in  by 36 .0 5  pounds.
Iso to n ic  T est
A ll  g roups made s ig n i f i c a n t  g a in s  a t  th e  .01  l e v e l  o f  p roba­
b i l i t y  on th e  i s o to n ic  t e s t .  Group I  (95°) had a  mean g a in  o f  25*83 
pounds and a  t - r a t i o  o f  6 .7 1 j Group I I  (125°) had a  mean g a in  o f  
3 2 .0 8  pounds and a  t - r a t i o  o f  7*12j Group I I I  (155°) had a  mean 
g a in  o f  20.42 pounds and a  t - r a t i o  o f  6 .4 7 j Group IV ( is o to n ic )  had 
a  mean g a in  o f  56.25 pounds and a  t - r a t i o  o f  1 0 .1 5 j and Group V 
( c o n tro l)  had a  mean g a in  o f  21 .25  pounds and a  t - r a t i o  o f  3 .4 2 .
(See Table V, page 6 l . )
V e r t ic a l  Jump T e st
I t  i s  in d ic a te d  in  T able  V I, page 62) t h a t  Group I I  (125°)
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TABLE IV
SIGNIFICANCE OF MEAN DIFFERENCE BETWEEN INITIAL AND
FINAL TEST SCORES AT 155° KNEE EXTENSION FOR
GROUPS I, II, III, IV AND V (N=24)
Mean
<Tbiff.Groun Mean D if f . t P
I  (95°) 
I n i t i a l
F in a l
I I  (125°) 
I n i t i a l
F in a l
I I I  (155°) 
I n i t i a l
F in a l
IV ( I s o to n ic )  
I n i t i a l
F in a l
V (C on tro l) 


































SIGNIFICANCE OF MEAN DIFFERENCE BETWEEN INITIAL AND
FINAL TEST SCORES ON THE ISOTONIC TEST FOR
GROUPS I, II, III, IV AND V (N=24)
Mean
0 D i f f .GrouD Mean D if f . t P
I  (95°)
I n i t i a l  166.1?
F in a l  192.00
I I  (125°)
I n i t i a l  168.67
F in a l  200.75
I I I  (155°)
I n i t i a l  167.83
F in a l  188.25
IV ( I s o to n ic )
I n i t i a l  163.67
F in a l  219-92
V (C o n tro l)
























SIGNIFICANCE OF MEAN DIFFERENCE BETWEEN INITIAL AND
FINAL TEST SCORES ON THE VERTICAL JUMP TEST
FOR GROUPS I, II, III, IV AND V (N=24)
Grouo Mean
Mean 
D i f f . ^ D i f f . t P
I  (95°) 
I n i t i a l
F in a l
17-90
18.43
.53 .20 2.66 • 05
I I  (125°) 
I n i t i a l
F in a l
17.56
18.46
• 90 .26 3 .4 6 .01
I I I  (155°) 
I n i t i a l
F in a l
17.60
18.13
.53 .35 2.15 .05
IV ( I s o to n ic )  
I n i t i a l
F in a l
17.86
18.28
.42 .20 2 .12 .05
V (C o n tro l)  
I n i t i a l
F in a l
18.22
18.51
• 29 .25 1 .1 6 NS
I
had a  mean g a in  o f  .90 inches and a  t - r a t i o  o f  3*46 which was s ig n i ­
f ic a n t  a t  th e  .01 l e v e l  o f p r o b a b i l i ty .  Groups I  (95°) ,  H I  (155°)#  
and IV ( is o to n ic )  ach ieved  mean g a in s  o f .53 in c h e s ,  .53 in c h e s ,  
and .42  in c h e s  and t - r a t i o s  o f  2 .6 6 ,  2 .15 and 2 .1 2 ,  r e s p e c t iv e ly .
A ll were s ig n i f i c a n t  a t  th e  .05 l e v e l  o f  p r o b a b i l i ty .  The above 
s ta te d  f a c t s  in d ic a te d  th a t  a l l  o f  th e  th re e  is o m e tr ic  e x e rc is e s  
and th e  i s o to n ic  e x e rc ise  b rough t abou t s ig n i f i c a n t  improvement in  
v e r t i c a l  jumping a b i l i t y  as m easured  by th e  m ethods o f t h i s  s tu d y .
Group V, th e  c o n tro l g ro u p , reco rded  a  mean gain  o f .29  
inches and  a  t - r a t i o  o f 1.16  w hich was no t s i g n i f i c a n t ,  th u s  i n d i c a t ­
ing  t h a t  no e x e rc is e  a p a r t  from t h e  re g u la r  p h y s ic a l  education  c la s s  
a c t i v i t i e s  r e s u l te d  in  no changes in  v e r t i c a l  jum ping perform ance. 
(See T able  VI, page 6 2 .)
IV. ANALYSIS OF COVARIANCE
A n aly s is  o f  covariance was u t i l i z e d  to  d e te rm in e  i f  s i g n i f i ­
can t d i f f e r e n c e s  e x is te d  among th e  f iv e  groups i n  each of th e  
t e s t i n g  s i t u a t i o n s .  The a n a ly s is  o f  co.variance tech n iq u e  i s  an  
e x ten s io n  o f  a n a ly s is  o f  v a r ia n c e  w ith  th e  s y n th e s is  o f  r e g re s s io n .  
C ovariance p ro v id e s  in c reased  p r e c i s io n  o f th e  e r r o r  e s tim a te  
th rough  re d u c tio n  o f  chance e r r o r  by e q u a liz in g  i n i t i a l  in d iv id u a l  
d i f f e r e n c e s  w ith  r e s p e c t  to  th e  c r i t e r i o n  t r a i t .  Adjustment o f  th e  
f i n a l  s c o re s  i s  made by d e te rm in a tio n  o f th e  r e g re s s io n  o f f i n a l  
c r i t e r i o n  t r a i t s  on th e  i n i t i a l  c r i t e r i o n  t r a i t s .  For 4 and 114
d eg rees o f freedom , an F o f 2 .45  a t  th e  .05 le v e l  o f  p r o b a b i l i ty  
and 3 .4 9  a t  th e  .01 le v e l  were n ecessa ry  to  in d ic a te  t h a t  s ig n i f ic a n t  
d if fe re n c e s  e x is te d  among th e  g roups.
S ig n if ic a n t  F - r a t io s  o f  5*81, 3 .8 1  and 9*96 were found f o r  
th e  95° iso m e tric  t e s t ,  125° iso m e tr ic  t e s t  and th e  is o to n ic  t e s t ,  
r e s p e c t iv e ly .  (See Tables V II, V III and IX .)
TABLE VII
ANALYSIS OF COVARIANCE OF ISOMETRIC STRENGTH SCORES AT 95°
KNEE EXTENSION FOR SUBJECTS IN THE ISOMETRIC (95°,
125°, 1 5 5 °), ISOTONIC AND CONTROL GROUPS
Source o f 
V ariance




Among 4,956 4 1,239 5.81 .01
W ithin 24,322 114 213
T o ta l 29,278 118
F“ needed a t  .05  l e v e l , 2 .4 5 ; a t  .01  l e v e l ,  3*49
TABLE V III
ANALYSIS OF COVARIANCE OF ISOMETRIC STRENGTH SCORES AT 125° KNEE 
EXTENSION FOR SUBJECTS IN THE ISOMETRIC (95°, 125% 155*% 
ISOTONIC AND CONTROL GROUPS
Source o f 
V ariance




Among 117,396 4 29,349 3 .8 1  .01
W ithin 877,809 114 7,700
T o ta l 995,205 118
F needed a t  .05 l e v e l ,  2 .4 5 ; a t  .01  l e v e l ,  3 .49
However, T ab les X and XI a ls o  r e f l e c t  th e  f a c t  t h a t  th e  F - 
r a t i o s  o f  .53 f o r  th e  155° iso m e tr ic  t e s t  and .79  f o r  th e  v e r t i c a l  
jump t e s t  were n o t s ig n i f i c a n t .  When an F i s  found to  be non­
s ig n i f i c a n t  th e r e  i s  o r d in a r i ly  no rea so n  f o r  f u r th e r  t e s t i n g ,  s in c e  
none o f  th e  means w i l l  l i k e l y  be found s ig n i f i c a n t ly  d i f f e r e n t  from 
any o th e r  mean.-*- However, a  s ig n i f i c a n t  F in d ic a te s  t h a t  a t  l e a s t  
one o f  th e  mean d i f f e r e n c e s  i s  r e l i a b l y  d i f f e r e n t  from some o th e rs  
and o r th o g o n a l com parison was th e  method u t i l i z e d  in  t h i s  s tu d y  to  
de term ine  e x a c t ly  where th o se  d if f e r e n c e s  were lo c a te d .
TABLE IX
ANALYSIS OF COVARIANCE OF ISOTONIC STRENGTH SCORES FOR 
SUBJECTS IN THE ISOMETRIC (9 5 ° , 125%  1 5 5 °) ,
ISOTONIC AND CONTROL GROUPS
Source o f  
V ariance




Among 20,943 4 5,236 9 .96 .01
W ithin 60,264 114 529
T o ta l 81,206 118
F needed a t  .05 l e v e l , 2 .4 5 ; a t  .01 l e v e l ,  3*49
A lthough n o n - s ig n if ic a n t  F - r a t i o s  were found on th e  155° 
iso m e tr ic  t e s t  and th e  v e r t i c a l  jump t e s t ,  th e r e  i s  in fo rm atio n  to  be 
g lean ed  from th e  s t a t i s t i c a l  a n a ly s is .  A ll g roups in  th e  155° iso m e tr ic
^Henry E. G a r r e t t ,  S t a t i s t i c s  in  Psychology and E ducation  (New 
York: David McKay Company, I n c . ,  195877 p . 284.
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TABIE X
ANALYSIS OF COVARIANCE OF ISOMETRIC STRENGTH SCORES AT
155° KNEE EXTENSION FOR SUBJECTS IN THE ISOMETRIC
(95°, 125°, 155°), ISOTONIC AND CONTROL GROUPS
Source o f  
V ariance




Among 88,751 4 22,188 .53 NS
W ithin 4,743,065 114 41,606
T o ta l 4,831,816 118
F needed a t  .05 l e v e l ,  2 .4 5 ; a t  .01  l e v e l ,  3 .49
TABLE XI
ANALYSIS OF COVARIANCE OF VERTICAL JUMP SCORES FOR 
SUBJECTS IN THE ISOMETRIC (95% 125% 1 5 5 °), 
ISOTONIC AND CONTROL GROUPS
Source o f 
V ariance




Among 3 .9 8 4 .99 .79 NS
W ithin 143.35 114 1.26
T o ta l 147-33 118
F needed a t  .05 l e v e l ,  2 .4 5 ; a t  .01 l e v e l ,  3 .4 9
t e s t  d id  e x h ib i t  s ig n i f ic a n t  g a in s  from i n i t i a l  t o  f i n a l  t e s t s .  
Coupled w ith  th e  in fo rm atio n  from  th e  a n a ly s is  o f  c o v a ria n c e , t h i s  
in d ic a te d  t h a t  th e  th r e e  iso m e tr ic  and th e  i s o to n ic  t r a in in g  
ro u t in e s  b ro u g h t about s ig n i f i c a n t  g a in s  in  iso m e tr ic  s tr e n g th  a t  
155° b u t t h a t  any  one t r a in in g  ro u tin e  was j u s t  as good a s  any 
o th e r .
The e x p la n a tio n  a s  to  why th e r e  was n o t  a s ig n i f ic a n t  
d if f e r e n c e  in  th e  g a in s  o f  th e  c o n tro l  group (Group V) when con­
t r a s t e d  to  th e  t r a in i n g  groups i s  a p p a ren t even  though th e  mean 
g a in  o f  Group V i s  c l e a r ly  l e s s  by some 36  pounds. I t  i s  l i k e l y  
t h a t  th e  g a in s  among th e  in d iv id u a l  groups w ere so sm all t h a t  s ig n i ­
f i c a n t  d i f f e r e n c e s  were n o t found .
The F - r a t i o  o f  .79  on th e  co v arian ce  a n a ly s is  o f  th e  v e r t i c a l  
jump t e s t  s c o re s  was a ls o  n o n - s ig n i f ic a n t ,  b u t  t h i s  was n o t e n t i r e ly  
unexpected  a f t e r  rev iew in g  th e  l i t e r a t u r e  on v e r t i c a l  jump t e s t i n g .
The th r e e  iso m e tr ic  t r a in in g  groups and th e  is o to n ic  t r a in in g  
group showed s ig n i f i c a n t  g a in s  in  v e r t i c a l  jum ping a b i l i t y  w hereas 
th e  c o n tro l  group d id  n o t .  Coupled w ith  th e  in s ig n i f i c a n t  F - r a t io  
on co v arian ce  a n a ly s is ,  t h i s  in d ic a te d  th a t  any  o f  th e  t r a in in g  
m ethods b ro u g h t about s ig n i f i c a n t  g a in s  in  v e r t i c a l  jumping a b i l i t y  
b u t t h a t  no one t r a in in g  method was any b e t t e r  th a n  any o th e r  m ethod. 
The c o n tro l  group d id  n o t show s ig n i f ic a n t  g a in s .  I t  i s  l i k e l y  t h a t  
any s ig n i f i c a n t  d if f e re n c e  in  perform ance o f  t h i s  group and t h a t  o f  
th e  o th e r  groups was masked by th e  sm all d i f f e r e n c e s  found among th e  
g ro u p s .
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O rthogonal Comparisons on 95° Iso m e tr ic  T est
The s ig n i f i c a n t  F o f  5.81 y ie ld e d  by co v arian ce  a n a ly s is  o f
th e  f iv e  groups on th e  95° iso m e tr ic  t e s t  w arran ted  th e  use o f
o rth o g o n a l com parisons to  id e n t i f y  th e  s ig n i f ic a n t  d i f f e r e n c e s .
There were K -l com parisons, o r  in  t h i s  case  4 (5 -1 )» com parisons
a v a i la b le .  In  o rd e r  to  be s ig n i f i c a n t ,  an F - r a t io  o f 3 .93  a t  th e
.05 l e v e l  o f  p r o b a b i l i ty  and 6 .8 7  a t  th e  .01  le v e l  was needed f o r  1
and 114 d eg rees  o f  freedom . The fo llo w in g  o rth o g o n a l d es ig n  was
used  in  th e  95° iso m e tr ic  t e s t i n g  s i t u a t i o n :
95° 125° 155°
Iso m e tr ic  Iso m e tr ic  Iso m e tr ic  I s o to n ic  C on tro l 
Group I  Group I I  Group I I I  Group IV Group V
A djusted  F in a l 
Mean 112 .4 104.5 98 .9 108.3 94 .4
Conqparison I 0 +1 -1 0 0
Comparison I I +2 -1 -1 0 0
Comparison I I I +1 +1 +1 -3 0
Comparison IV +1 +1 +1 +1 -4
The f i r s t  com parison composed o f  th e  125“ iso m e tr ic  t r a in in g  
group v e rsu s  th e  155° iso m e tr ic  t r a in i n g  group was found to  have a 
sum o f  sq u ares  o f  374 which y ie ld e d  a  n o n s ig n if ic a n t  F - r a t io  o f  
1.75* T h e re fo re , th e r e  was n o t a  s ig n i f i c a n t  d if f e r e n c e  between 
th e  e f f e c t s  o f  t r a in i n g  is o m e tr ic a l ly  a t  125“ and 155° on iso m e tr ic  
s tr e n g th  a t  a  95° a n g le  o f  th e  le g  on th e  th ig h .  (See Table X I I .)
Comparison I I ,  in  which Group I  t r a in e d  a t  95° ,  was con­
t r a s t e d  w ith  a  com bination o f  Group I I  (125°) and Group I I I  (155°)
y ie ld e d  a  sum o f  sq u ares  o f  1 ,749  and a subsequent F o f  S .21 which 
was s ig n i f ic a n t  a t  th e  .01  l e v e l  o f  p r o b a b i l i ty .  Thus, th e r e  was a 
s ig n i f i c a n t  d if f e r e n c e  between t r a in in g  a t  95° and a  com bination  of 
t r a in in g  a t  125° and 155° and s in c e  com parison I  y ie ld e d  a  non­
s ig n i f i c a n t  d if f e r e n c e  between t r a in in g  a t  125° and 155° i t  can be 
in f e r r e d  th a t  t r a in in g  a t  95° was s ig n i f i c a n t ly  b e t te r  th a n  t r a in in g  
a t  e i t h e r  125° o r  155“ in  b r in g in g  about a  s tre n g th  in c r e a s e  a t  95°• 
T h is  was to  be expected  s in ce  a  com parison o f  i n i t i a l  and f i n a l  
s c o re s  o f  Group I  y ie ld e d  a  s ig n i f ic a n t  t - r a t i o  w hile a  s im i la r  
com parison on Groups I I  and I I I  d id  n o t .  (See Table X I I . )
TABLE X II
ORTHOGONAL COMPARISONS OF ISOMETRIC STRENGTH SCORES AT 95° KNEE 
EXTENSION FOR SUBJECTS IN THE ISOMETRIC (9 5 °, 125°, 1 5 5 ° ) , 
ISOTONIC AND CONTROL GROUPS
Comparison




125° vs 155° 374 1 374 1 .7 5 NS
95° vs 125° & 155° 1 ,749 1 1 ,749 8 .2 1 .01
Iso m e tr ic  vs 
I s o to n ic 162 1 162 •76 NS
T ra in in g  vs 
C o n tro l 2,614 1 2 ,614 12 .27 .01
ERROR 24,322 114 213
F needed a t  .05 l e v e l ,  3 *93; a t  .01 l e v e l ,  6.87
The t h i r d  com parison c o n tra s te d  th e  th r e e  iso m e tr ic  groups 
( I ,  I I ,  and I I I )  to  th e  i s o to n ic  group (Group IV). The sum o f
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sq u a re s  o f  162 r e s u l te d  i n  an F - ra t io  o f  *76 which was n o t  s ig n i f i ­
c a n t .  There was n o t a  s ig n i f i c a n t  d i f f e r e n c e ,  th e r e f o r e ,  between th e  
com bination  of th re e  i s o m e tr ic  e x e rc is e s  a t  95% 125° ,  and  155° and 
th e  i s o to n ic  ro u tin e . However, Group IV d id  show a s ig n i f i c a n t  gain  
from  i n i t i a l  to  f in a l  t e s t s ,  and i t  was p o s s ib le  th a t  b y  combining 
Group I  w ith  Groups I I  and  I I I  th e re  was a  masking o f  a c t u a l  
d i f f e r e n c e s  between Group IV and e i t h e r  Group I I  o r  Group I I I .
These com parisons could  n o t  be made and s t i l l  meet th e  requ irem en ts  
o f  o r th o g o n a li ty .
In  comparing Groups I ,  I I ,  I I I ,  and  IV to  Group V, th e  c o n tro l 
group (com parison IV ), a  sum o f  squares o f  2,614 y ie ld e d  an F of 
12 .2 7  which was s ig n i f i c a n t  a t  th e  .01  l e v e l ,  thus in d ic a t in g  th a t  
a s ig n i f i c a n t  d if fe re n c e  e x i s te d  between a  com bination o f  th e  th re e  
iso m e tr ic  and th e  i s o to n ic  ro u tin e s  when c o n tra s te d  to  t h e  co n tro l 
group which p a r t ic ip a te d  o n ly  in  th e  p h y s ic a l  education  c la s s e s .
I t  was ev iden t th e n  t h a t  iso m e tr ic  e x e rc ise  a t  95° was 
s ig n i f i c a n t ly  su p e rio r  t o  iso m e tr ic  e x e r c is e  a t  e i th e r  125° or 
155° when d e s ir in g  to  in c r e a s e  s tre n g th  a t  95° and t h a t  a  com bination 
o f  th r e e  iso m etric  e x e r c is e s  a t  95°> 1 2 5 ° , and 155° was n o t  s ig n i f i ­
c a n t ly  s u p e r io r  o r  i n f e r i o r  t o  an i s o to n ic  t r a in in g  r o u t in e  a s  used 
in  t h i s  s tu d y  in  d ev e lo p in g  s tre n g th  a t  9 5 ° .
O rth o g o n a l Comparisons on 125° Iso m e tric  T e s t
Covariance a n a ly s is  o f  th e  f iv e  g ro u p s on th e  125° iso m etric  
t e s t  y ie ld e d  an F o f 3 .S I  w hich was s ig n i f i c a n t  a t th e  .0 1  le v e l .
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The fo llo w in g  o rth o g o n a l d e s ig n  was th e n  employed to  de term ine th e
groups among which th e  d if f e r e n c e s  e x is te d .
95° 125° 155°
Iso m e tr ic  Iso m e tr ic  Iso m e tr ic  I s o to n ic  C o n tro l 
Group I  Group I I  Group I I I  Group IV Group V
A djusted  F in a l
Mean 408.7 453 .6  43 0 .4 418 .7 358 .8
Comparison I +1 0 -1 0 0
Comparison I I - 1 +2 -1 0 0
Comparison I I I +1 + l  + l -3 0
Comparison IV +1 +1 + i +1 - 4
The f i r s t  com parison between th e  group t h a t  e x e rc is e d  a t  95° 
and th e  group t h a t  e x e rc is e d  a t  155° y ie ld e d  a  sum o f  sq u ares  o f
5 ,5 9 2 .2  and an F - r a t io  o f  .71  which was n o t s ig n i f i c a n t .  T h e re fo re , 
a lth o u g h  b o th  groups e x h ib i te d  s ig n i f i c a n t  g a in s  from i n i t i a l  to  
f i n a l  t e s t s ,  th e r e  was n o t a  s ig n i f i c a n t  d i f f e r e n c e  between th e  
two groups in  te rm s o f  s t r e n g th  developed a t  a  125° an g le  o f  th e  l e g  
on th e  th ig h .  (See Table X I I I . )
Comparison I I  betw een th e  group t r a in i n g  a t  125° and a  
com bination o f  th e  groups t r a in in g  a t  95° and 155° found a  sum o f  
sq u ares  o f  1 8 ,7 5 6 .7  and an F o f 2 .43  which was n o t s ig n i f i c a n t .  I t  
i s  e v id e n t t h a t  t r a in in g  a t  125° had no s ig n i f i c a n t  m e rit  over 
t r a in in g  in  a  com bination o f  95° and 155° when s tr e n g th  developm ent 
a t  125° was th e  g o a l. S ince  Group I I  d id  e x h ib i t  s ig n i f ic a n t  g a in s  
from i n i t i a l  to  f i n a l  t e s t s ,  i t  can be in f e r r e d  t h a t  any s in g le  
iso m e tr ic  t r a in i n g  method used  in  t h i s  s tu d y  was a s  good a s  any
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o th e r  iso m e tr ic  t r a in in g  ro u tin e  in  develop ing  s tre n g th  a t  125°. 
(See Table X I I I .)
TABLE X III
ORTHOGONAL COMPARISONS OF ISOMETRIC STRENGTH SCORES AT 125° KNEE 
EXTENSION FOR SUBJECTS IN THE ISOMETRIC (95% 125% 15 5 °), 
ISOTONIC AND CONTROL GROUPS
Comparison




95° vs 155° 5 ,592 .2 1 5 ,592 .2 .71 NS
125° vs 95° & 155 ° 18 ,756 .7 1 18 ,756 .7 2.43 NS
Iso m e tric  vs 
Iso to n ic 2 , wl .6 1 2 ,561 .6 .33 NS
T ra in in g  vs 
C on tro l 91 ,431 .2 1 91 ,431 .2 11 .87 .01
ERROR 877,809.6 114 7 ,700 .1
F needed a t .05 l e v e l ,  3 . 93 J a t .01 l e v e l ,  6 .87
The t h i r d  com parison c o n tra s te d  th e  th re e  iso m e tr ic  t r a in in g  
groups to  th e  is o to n ic  group. This com parison y ie ld e d  a  sum o f 
sq u ares  o f 2 ,561 .6  and an F o f  .33 which was n o t s ig n i f i c a n t .  Thus, 
an is o to n ic  t r a in in g  ro u tin e  as  u t i l i z e d  in  t h i s  study  was a s  
e f f e c t iv e  in  develop ing  iso m e tr ic  s tre n g th  a t  125° a s  a  com bination 
o f th e  th re e  iso m e tr ic  t r a in in g  p rocedures and f u r t h e r ,  s in ce  th e re  
was no s ig n i f i c a n t  d if fe re n c e  among th e  th re e  iso m e tr ic  r o u t in e s ,  
any s in g le  iso m e tr ic  ro u tin e  was a s  e f f e c t iv e  a s  th e  is o to n ic  ro u tin e .
Comparison IV was between th e  c o n tro l  group (Group V) and a 
com bination o f Groups I ,  I I ,  I I I ,  and IV. A sum o f  sq u ares  o f
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9 1 ,4 3 1 .2  was found and r e s u l t e d  in  an F o f  11 .87  which was s i g n i f i ­
c a n t a t  th e  .01 le v e l  o f  p r o b a b i l i ty .  T h e re fo re , a  com bination o f  
th r e e  iso m e tr ic  and an i s o to n ic  t r a in in g  ro u tin e  was s ig n i f i c a n t ly  
s u p e r io r  to  p a r t i c ip a t io n  in  a  p h y s ic a l  ed u ca tio n  a c t i v i t y  c la s s  in  
develop ing  s tr e n g th  a t  125°. S ince th e r e  were no s ig n i f ic a n t  
d i f f e r e n c e s  found among th e  t r a in in g  ro u t in e s  o f  Groups I ,  I I ,  I I I ,  
and IV, i t  can be s ta te d  t h a t  any s in g le  t r a in in g  ro u tin e  was 
s ig n i f i c a n t ly  s u p e r io r  to  p a r t ic ip a t io n  in  a  p h y s ic a l  ed u ca tio n  
a c t i v i t y  c la s s  a lo n e .
O rthogonal Comparisons on I s o to n ic  T est
The a n a ly s is  o f  co v arian ce  tech n iq u e  a p p lie d  t o  th e  f iv e  
g roups on th e  i s o to n ic  t e s t  r e s u l te d  in  an  F o f  9 .9 6  which was 
s ig n i f i c a n t  a t  th e  .01  le v e l  o f  p r o b a b i l i ty  and in d ic a te d  t h a t  s ig ­
n i f i c a n t  d if f e r e n c e s  e x is te d  among th e  g ro u p s. The fo llo w in g  
o rth o g o n a l d es ig n  was used  to  determ ine where th e  d if f e r e n c e s  e x is te d .
95° 125° 155°
Iso m e tr ic  
Group I
Iso m e tr ic  
Group I I
Iso m e tr ic  
Group I I I
I so to n ic  
Group IV
C o n tro l 
Group V
A djusted  F in a l  
Mean 191.0 197.6 185 .8 221.0 185.3
Comparison I +1 -1 0 0 0
Comparison I I +1 +1 “ 2 0 0
Comparison I I I +1 +1 +1 -3 0
Comparison IV +1 +1 +1 +1 - 4
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T able XIV r e f l e c t s  t h a t  in  com parison I  between th e  group 
t r a in in g  a t  95° and th e  g roup  t r a in in g  a t  125“ a  sum o f  sq u a re s  o f  
525*7 was found . This r e s u l t e d  in  an F - r a t i o  o f .99 w hich was n o t 
s ig n i f i c a n t .  Thus, th e r e  was no s ig n i f i c a n t  d if fe re n c e  betw een 
iso m e tr ic  e x e rc is e  a t  95° and 125° in  d e v e lo p in g  is o to n ic  s tr e n g th  
a s  m easured in  t h i s  s tu d y . However, b o th  t r a in in g  methods brought 
about s ig n i f i c a n t  ga ins i n  is o to n ic  s t r e n g th .
TABLE XIV
!
ORTHOGONAL COMPARISONS OF ISOTONIC STRENGTH SCORES FOR SUBJECTS 
IN THE ISOMETRIC (9 5 ° , 125°, 1 5 5 ° ) , ISOTONIC AND 
CONTROL GROUPS
ComDarison
Sum o f  
S q u ares d f
Mean
Squares F P
95° vs 125° 3 2 5 .7 1 525.7 .99 NS
155° v s  95° & 125° 1 ,1 5 0 .6 1 1 ,1 5 0 .6 2 .1 7 NS
Iso m e tr ic  v s  
I s o to n ic 1 5 ,6 9 6 .6 1 1 5 ,6 9 6 .6 29 .69 .01
T ra in in g  v s  
C o n tro l 3 ,5 0 2 .8 1 3 ,5 0 2 .8 6-62 .05
ERROR 6 0 ,2 6 3 .9  ’ 114 528.6
F needed  a t  ,05 l e v e l ,  3 .9 3 ; a t  .01 l e v e l ,  6 .87
The second com parison c o n tra s te d  Groups I  (95°) and I I  (125°) 
to  Group I I I  (155°) and y ie ld e d  a  sum o f  sq u a re s  o f  1 ,1 5 0 .6  and a 
r e s u l t a n t  F o f  2 .17  which was n o t s ig n i f i c a n t .  I t  can be seen th a t  
th e r e  was no s ig n i f ic a n t  b e n e f i t  in  u s in g  one iso m e tr ic  e x e rc is e
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o v e r any o th e r  iso m e tr ic  e x e rc is e  in  d ev e lo p in g  is o to n ic  s tre n g th  
and th a t  any one o f  th e  th r e e  b rought about s ig n i f ic a n t  g a in s .
In  th e  t h i r d  com parison th e  th re e  iso m e tr ic  g roups (Groups 
I ,  I I ,  and I I I )  were c o n tra s te d  to  Group IV, th e  i s o to n ic  t r a in in g  
g roup . T his r e s u l t e d  in  a  sum o f  sq u ares  o f  15>696.6  and an F of 
29 .69  which was s ig n i f i c a n t  a t  th e  .01 l e v e l  o f  p r o b a b i l i ty .  I t  i s  
c l e a r ly  e v id e n t t h a t  is o to n ic  e x e rc is e  was s ig n i f i c a n t ly  su p e rio r  
to  a  com bination o f  th e  th r e e  iso m e tr ic  t r a in in g  t r a in i n g  ro u tin e s  
and l i k e l y  t h a t  i t  was s u p e r io r  to  any one s in g ly  in  th e  development 
o f  is o to n ic  s t r e n g th .  That i s  t o  say  t h a t  a lthough  th e  iso m e tr ic  
t r a in in g  r o u tin e s  r e s u l te d  in  s ig n i f i c a n t  is o to n ic  s t r e n g th  g a in s , 
th e  i s o to n ic  t r a in in g  ro u tin e  b rough t about a  s ig n i f i c a n t ly  g re a te r  
improvement in  i s o to n ic  s tr e n g th  th an  th e  iso m e tr ic  r o u t in e s .
Comparison IV was betw een Groups I ,  I I ,  I I I ,  and XV in  
com bination  and Group V, th e  c o n tro l  group. An F o f 6 .6 2 , s ig n i f i ­
ca n t a t  th e  .05  l e v e l  o f  p r o b a b i l i ty ,  r e s u l t e d  from a  sum o f  squares 
o f  3 , 502 . 8 .
CHAPTER V
SUMMARY, FINDINGS, CONCLUSIONS, RECOMMENDATIONS
I .  SUMMARY
I t  was th e  purpose o f  t h i s  s tudy  t o :  (a )  compare th e  e f f e c t s  
o f  an is o to n ic  knee e x te n s io n  e x e rc ise  on iso m e tr ic  knee e x ten so r  
s tr e n g th  a t  a n g le s  o f  95“, 125°, and 155°, is o to n ic  s tre n g th  in  th e  
same range o f  m otion  and v e r t i c a l  jumping a b i l i t y ;  and (b) compare 
th e  e f f e c t s  o f  an iso m e tr ic  knee ex te n s io n  e x e rc is e  a t  95“ > 1 2 5 ° , 
and 155° on iso m e tr ic  s tr e n g th  a t  th o se  same a n g le s , is o to n ic  s tre n g th  
in  th e  same range  o f  m otion and v e r t i c a l  jumping a b i l i t y .
The s u b je c ts  o f th e  s tu d y  were 120 male underg raduate  s tu ­
d e n ts  e n ro l le d  a t  C e n tra l M isso u ri S ta te  C o llege d u rin g  th e  summer 
o f  1966. A ll s u b je c ts  p a r t ic ip a te d  in  a  one week f a m i l i a r i ty  ro u tin e  
in  which th ey  ex p erien ced  a l l  t e s t i n g  and t r a in in g  m ethods. A f te r  
th e  f a m i l i a r i t y  r o u tin e ,  a l l  s u b je c ts  were t e s t e d  on iso m e tric  knee 
e x te n so r  s tr e n g th  t e s t s  a t  9 5 ° , 125° ,  and 155° a n g le s  o f  th e  le g  on 
th e  th ig h ,  on an  is o to n ic  knee e x ten so r s tr e n g th  t e s t  th rough  a 
s im i la r  range o f  m otion (90° th rough  180°) and on a  v e r t i c a l  jump 
t e s t .  The s u b je c ts  were th e n  randomly d iv id e d  in to  f iv e  t r a in in g  
groups o f tw e n ty -fo u r  each : Group I  t r a in e d  is o m e tr ic a l ly  a t  a 95° 
a n g le  o f th e  k n ee ; Group I I  t r a in e d  is o m e tr ic a l ly  a t  a  125° an g le  o f  
th e  knee; Group I I I  t r a in e d  is o m e tr ic a l ly  a t  a  155q angle o f th e
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knee; Group IV t r a in e d  i s o to n ic a l ly j  and Group V se rv ed  as  a c o n tro l  
group re c e iv in g  no t r a in in g  o th e r  th an  p a r t ic ip a t io n  in  th e  same 
p h y s ic a l e d u ca tio n  a c t i v i t y  c la s s e s  a s  a l l  o th e r  s u b je c ts .  A ll o f  
th e  120 s u b je c ts  were e n ro lle d  in  one o f  th e  fo llo w in g  p h y s ic a l  
education  a c t i v i t y  c la s s e s :  a rc h e ry , badm inton, t e n n is ,  v o l le y b a l l ,  
o r  in tro d u c tio n  t o  p h y s ic a l  a c t i v i t y .
In o rd e r  t o  determ ine th e  r e l i a b i l i t y  o f th e  t e s t s ,  Groups I ,  
I I ,  I I I ,  and IV were r e te s te d  th e  p e r io d  fo llo w in g  th e  i n i t i a l  t e s t  
in  t h e i r  t e s t i n g  te c h n iq u e . A se p a ra te  group o u ts id e  o f th e  s tu d y  
was te s te d  i n i t i a l l y  and r e t e s t e d  on th e  v e r t i c a l  jump t e s t .  A ll 
t e s t s  were found r e l i a b l e  a s  shown in  Table I ,  page 54*
The s u b je c ts  th en  underwent a  seven week t r a in in g  program 
in  which th ey  met th r e e  days a  week. Groups I ,  I I ,  and I I I  perform ed 
a  s in g le  te n -se c o n d  iso m e tr ic  c o n tra c tio n  a t  th e  a ss ig n ed  p o s i t io n  o f 
e x e rc ise  each t r a in i n g  day. Group IV perform ed an is o to n ic  h ip  p re s s  
e x e rc ise  w ith  th e  4-RM w eight f o r  te n  seconds. Group V o n ly  a tte n d e d  
t h e i r  r e g u la r ly  a s s ig n e d  a c t i v i t y  c l a s s .
During th e  seven th  t r a in in g  week a l l  s u b je c ts  re p e a te d  th e  
f a m il ia r i ty  program  and du ring  th e  fo llo w in g  week a l l  s u b je c ts  were 
given th e  f i n a l  t e s t  in  a l l  f iv e  t e s t i n g  s i t u a t io n s .
The t  t e s t  was a p p lie d  to  determ ine th e  s ig n if ic a n c e  o f  th e  
d if fe re n c e  betw een i n i t i a l  and f i n a l  t e s t  means f o r  each group on 
each t e s t .  C ovariance a n a ly s is  was th en  computed f o r  th e  groups on 
each t e s t  to  compare th e  e f f e c t iv e n e s s  o f th e  t r a in in g  methods on 
improvement in  th e  c r i t e r i o n  t r a i t s .  When s ig n i f i c a n t  F - r a t io s  were
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found, o rth o g o n a l com parisons were u t i l i z e d  to  determ ine where th e  
s ig n i f ic a n t  d if fe re n c e s  e x is te d  among th e  groups on th e  c r i t e r io n  
t r a i t .
I I .  FINDINGS
The f in d in g s  re v ea le d  by t h i s  study  were a s  fo llo w s:
1 . Iso m etric  e x e rc ise  a t  a  95° ang le  o f knee ex ten s io n  d id
s ig n i f i c a n t ly  in c re a se  iso m e tr ic  s tre n g th  a t  95% 125°, 
and 155“ an g les  o f knee ex ten s io n  and a lso  s ig n i f ic a n t ly
in c reased  iso to n ic  knee ex ten so r s tre n g th  and v e r t i c a l
jumping a b i l i t y .
2 . Iso m etric  e x e rc ise  a t  a  125° ang le  o f knee ex ten s io n  d id  
s ig n i f ic a n t ly  in c re a se  iso m e tr ic  s tre n g th  a t  125° and 155° 
an g les  o f knee ex ten s io n  and a lso  s ig n i f ic a n t ly  in c reased  
is o to n ic  knee ex ten so r s tre n g th  and v e r t i c a l  jumping 
a b i l i t y  bu t d id  n o t s ig n i f ic a n t ly  in c re a se  iso m etric  
s tre n g th  a t  95° •
3 . Iso m etric  e x e rc ise  a t  a  155° angle o f  knee ex ten sio n  d id  
s ig n i f ic a n t ly  in c re a se  iso m e tr ic  s tre n g th  a t  125“ and 155° 
an g les  o f  knee ex ten s io n  and a lso  s ig n i f ic a n t ly  in c reased  
is o to n ic  knee ex te n so r  s tre n g th  and v e r t i c a l  jumping 
a b i l i t y  b u t r e s u l te d  in  no g a in  a t  95“ .
4 . I so to n ic  e x e rc ise  in  a 90“ through 180° knee ex ten sio n  
range o f motion d id  s ig n i f i c a n t ly  in c re a se  iso to n ic  knee 
ex ten so r b tre n g th , v e r t i c a l  jumping a b i l i t y  and iso m e tric
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knee e x te n so r  s tr e n g th  a t  an g les  o f  95 °, 125", and 155".
5 . The c o n tro l  group e x h ib i te d  a  s ig n i f i c a n t  lo s s  in  i s o ­
m e tr ic  knee e x te n s o r  s tr e n g th  a t  95", a  s ig n i f ic a n t  g a in  
in  125" and 155° iso m e tr ic  knee e x te n s o r  s tre n g th  and 
is o to n ic  knee e x te n so r  s tr e n g th  and no s ig n i f ic a n t  
change in  v e r t i c a l  jumping a b i l i t y .
6 . Comparison o f  th e  f iv e  groups in  th e  s tu d y  on th e  iso m e tr ic  
s tre n g th  t e s t  a t  155" re v e a le d  t h a t  no s ig n i f ic a n t  
d if f e re n c e s  o c cu rred  among th e  th r e e  iso m e tr ic  t r a in in g  
ro u tin e s ,  th e  i s o to n ic  t r a in in g  and th e  c o n tro l  group.
7 . There were no s ig n i f i c a n t  d i f f e r e n c e s  found among th e  
th r e e  iso m e tr ic  t r a in in g  r o u t in e s ,  th e  is o to n ic  t r a in i n g  
and th e  c o n tro l  group on th e  v e r t i c a l  jump t e s t .
6 . A s ig n i f ic a n t  d if fe re n c e  was found among th e  f iv e  t r a in in g  
groups in  th e  com parison on th e  95° iso m e tr ic  t e s t  and 
o rth o g o n a l com parisons f u r th e r  r e v e a le d :
a .  No s ig n i f i c a n t  d if f e re n c e  betw een Group I I  (125°) and 
Group I I I  (1 5 5 °).
b . A s ig n i f ic a n t  d if f e re n c e  between Groups I I  (125°) and 
I I I  (155°) combined and Group I  (95°) in  fa v o r  o f  
Group I .
c .  No s ig n i f i c a n t  d if fe re n c e  betw een Groups I  (9 5 ° ) ,  I I  
(125°) and I I I  (155") combined and Group IV ( i s o to n ic ) .
d . A s ig n i f ic a n t  d if f e re n c e  betw een Groups I  (9 5 ° ) ,  H  
(1 2 5 °), I I I  (155°) and IV ( is o to n ic )  combined and
I
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Group V (c o n tro l)  In  fa v o r  o f th e  combined groups.
9. A comparison o f  th e  f iv e  t r a in in g  groups on th e  125°
iso m e tr ic  s tre n g th  t e s t  re v e a led  th a t  s ig n i f i c a n t  d i f f e r ­
ences e x is te d  among th e  groups and o rth o g o n a l com parisons 
re v e a le d :
a . No s ig n i f ic a n t  d if fe re n c e  between Group I  (95°) and 
Group I I I  (155°).
b . No s ig n i f ic a n t  d if fe re n c e  between Groups I  (95°) and 
I I I  (155°) combined and Group I I  (1 2 5 °).
c . No s ig n i f ic a n t  d if fe re n c e  between Groups I  (95°)> I I  
(125°) and I I I  (155°) combined and Group IV ( is o to n ic ) .
d . A s ig n i f ic a n t  d if fe re n c e  between Groups I  (9 5 °), I I  
(1 2 5 °), I I I  (155°) and IV ( is o to n ic )  combined and 
Group V in  fa v o r o f  th e  combined g roups.
10. When th e  f iv e  t r a in in g  groups were compared on th e  is o to n ic  
s tre n g th  t e s t ,  s ig n if ic a n t  d if fe re n c e s  were found to  e x is t  
among th e  groups and o rth o g o n a l com parisons re v ea le d :
a . No s ig n i f ic a n t  d if fe re n c e  between Group I  (95°) and 
Group I I  (125°).
b . No s ig n i f ic a n t  d if fe re n c e  between Groups I  (95°) and 
I I  (125°) combined and Group I I I  (1 5 5 °).
c . A s ig n i f ic a n t  d if fe re n c e  between th e  th re e  iso m e tric  
t r a in in g  groups (Groups I ,  I I ,  and I I I )  and Group IV 
( is o to n ic )  in  fav o r o f  Group IV.
d . A s ig n i f ic a n t  d if fe re n c e  between th e  fo u r  t r a in in g
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groups (Groups I ,  I I ,  I I I ,  and IV) and Group V (c o n tro l)  
in  fa v o r  o f  th e  combined g roups.
11. C o e f f ic ie n ts  o f  c o r r e la t io n  computed on two t e s t  sco re s  
a c q u ire d  on d i f f e r e n t  o ccas io n s  f o r  th e  f iv e  t e s t i n g  
te c h n iq u e s  re v e a le d  t h a t  th e  t e s t s  were r e l i a b l e .
I I I .  DISCUSSION
A few s ig n i f i c a n t  f a c t s  should  be b ro u g h t to  th e  a t t e n t io n  o f 
t h e  re a d e r  a t  t h i s  p o in t .  C oncerning th e  s ig n if ic a n c e  o f th e  mean 
g a in  o f  each group on th e  v a r io u s  t e s t s ,  i t  shou ld  be p o in te d  out 
t h a t  a lth o u g h  th e  c o n tro l  group (Group V) made s ig n i f i c a n t  g a in s  on 
th e  125® and 155° iso m e tr ic  t e s t s  and th e  is o to n ic  t e s t ,  t h i s  was 
p ro b a b ly  due to  th e  p a r t i c ip a t io n  in  r e g u la r ly  schedu led  p h y s ic a l  
e d u ca tio n  a c t i v i t y  c la s s e s  and was n o t e n t i r e ly  unexpected . The more 
l o g i c a l  q u e s tio n  would be why th e  c o n tro l  group in  th e  95° iso m e tr ic  
t e s t  d id  no t ach iev e  s ig n i f ic a n t  g a in s .  T h is m ight be e x p la in e d  by 
th e  proposed  phenomenon c a l le d  p o s i t io n  s p e c i f i c i t y  o f s tr e n g th  
g a in s ,  p ro v id ed  i t  e x i s t s ,  s in c e  seldom in  th e  a c t i v i t i e s  p a r t i c i ­
p a te d  in  by th e  s u b je c ts  was fo rc e  e x e r te d  from  an an g le  o f  95° o f 
t h e  le g  on th e  t h ig h .  However, fo rc e  was o f te n  e x e r te d  by th e s e  
m uscle groups a t  a n g le s  o f  125° and 155° which a re  n e a re r  th e  end o f 
t h e  range o f  m o tion .
Perhaps one q u e s tio n  which c o n f ro n ts  th e  re a d e r  would be why 
th e  t r a in in g  groups (Groups I ,  I I ,  I I I ,  and IV) d id  n o t ach ieve  
s ig n i f i c a n t  g a in s  when compared to  th e  c o n tro l  group in  th e  155°
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iso m e tric  s tre n g th  t e s t  and th e  v e r t i c a l  jump t e s t .  The in s ig n i f ic a n t  
F on co v arian ce  an a ly se s  o f  th e se  two t e s t i n g  s i tu a t io n s  re v e a le d  
t h i s  t o  be a  f a c t .  The most l i k e ly  e x p la n a tio n  would be t h a t  th e  
mean g a in s  o f  th e  c o n tro l  group in  each s i t u a t io n  were s u f f i c i e n t  
to  n egate  s ig n i f ic a n t  d i f f e r e n c e s .  However, combined w ith  th e  sm all 
d if f e re n c e s  found among th e  fo u r  t r a in in g  groups which masked th e  
d if fe re n c e  between th e  fo u r  groups and th e  c o n tro l  g roup , i t  i s  
obvious by in sp e c tio n  o f  th e  mean g a in s  t h a t  th e re  was co n s id e ra b ly  
more improvement by th e  fo u r  t r a in in g  g roups th a n  by th e  c o n tro l  
group in  b o th  in s ta n c e s .
In a d d i t io n ,  i t  i s  c le a r ly  ev id en t t h a t  in  th e  th r e e  t e s t in g  
s i tu a t io n s  which y ie ld e d  s ig n i f i c a n t  F - r a t i o s  on co v a rian ce  a n a ly s is ,  
th e  group t h a t  e x e rc ise d  in  th e  t e s t i n g  method showed th e  g r e a te s t  
g a in s . The 95° iso m e tr ic  t r a in in g  method group e x h ib ite d  s i g n i f i ­
c a n tly  g r e a te r  ga ins th a n  d id  th e  o th e r  two iso m e tr ic  t r a i n i n g  
methods on th e  95° iso m e tr ic  t e s t  b u t co u ld  n o t be compared to  th e  
is o to n ic  t r a in in g  group in d iv id u a l ly  and s t i l l  r e t a in  o r th o g o n a li ty  
in  th e  com parison. I t  was found th a t  th e  is o to n ic  t r a in i n g  group 
made s ig n i f i c a n t ly  g r e a te r  g a in s  th an  d id  any  o f  th e  is o m e tr ic  
t r a in in g  groups on th e  i s o to n ic  t e s t .
The 125° iso m e tric  t r a in in g  group e x h ib ite d  th e  g r e a te s t  
g a in s  on th e  125° iso m e tr ic  t e s t  b u t th e s e  g a in s  were n o t s i g n i f i ­
c a n tly  g r e a te r  th an  th o se  o f  any o th e r  t r a in i n g  group in  th e  
com parisons chosen . A lthough th e  above s ta te m e n ts  su g g est th e  pos­
s i b i l i t y  o f  a  p o s it io n  s p e c i f i c i t y  o f  s t r e n g th  g a in s , th e  o v e r a l l
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f in d in g s  o f  th e  s tudy  ten d  to  s u b s ta n t ia te  an  e a r l i e r  s tu d y  by th e  
author-'* which found th a t  th e  knee ex te n so r  m uscles have a  low 
p o s i t io n  s p e c i f i c i t y  o f  s tre n g th  g a in s .
I t  m ight a ls o  be p o in ted  o u t th a t  th e  f a m ilia r i t y  ro u tin e  
was u t i l i z e d  to  n e g a te  th e  e f f e c t s  o f  le a rn in g  on g a in s  ach iev ed  on 
th e  f i n a l  t e s t .  I t  was h y p o th esized  th a t  s ig n i f i c a n t  g a in s  a re  
sometimes ach ieved  in  s tu d ie s  sim ply  because th e  tec h n iq u e  o f  ta k in g  
th e  t e s t  was " le a rn e d ” a f t e r  h av in g  th e  i n i t i a l  t e s t .  I t  was hoped 
th a t  a  f a m i l i a r i t y  ro u tin e  m ight a ls o  keep t o  a  minimum th o s e  quick 
g a in s  o f te n  ach ieved  in  th e  f i r s t  week o r  two o f  many t r a in in g  
program s. A scan o f  th e  weekly s tre n g th  sc o re s  in d ic a te d  t h a t  t h i s  
was ach iev ed .
A nother d e f in i t iv e  a sp e c t o f  t h i s  p a r t i c u l a r  s tudy  was t h a t  
th e  i s o to n ic  group ex e rc ise d  f o r  th e  i d e n t i c a l  le n g th  o f tim e  a s  
th e  iso m e tr ic  g roups. ' The f a c t  t h a t  is o to n ic  e x e rc ise  was a s  e f f e c t ­
iv e  in  develop ing  iso m e tr ic  s t r e n g th  a t  th e  125° and 155° p o s i t io n s  
coupled  w ith  th e  f in d in g s  o f  Rasch and P ie rso n ^  which re v e a le d  
iso m e tr ic  t e s t i n g  te ch n iq u es  a s  v a l id  in  e x p re ss in g  is o to n ic  s tre n g th
■'"Duane R. S te r l in g ,  "A Com parative S tudy  o f  th e  S p e c i f ic i ty  in  
P o s i t io n  S e le c t iv i ty  o f Iso m e tr ic  S tren g th  Changes in  th e  Knee F lex o r 
M uscle Group R e su ltin g  From Iso m e tr ic  E x e rc is e : A Restudy (u n p u b lish ed  
s tu d y , L o u is ian a  S ta te  U n iv e rs ity , 1964), p . 54.
2
A stu d y  by Rasch and Morehouse (se e  page 17) found t h a t  t h i s  
d id  a c tu a l ly  o ccu r.
3
P h i l ip  J .  Rasch and W. R. P ie rso n , " Is o to n ic  T ra in in g  and 
Iso m e tr ic  S t r e n g th ,” P e r c e p tu a l  Motor S k i l l s .  XVI (1963), 229-230.
would in d ic a te  t h a t  th e  p o p u la r p rocedure  o f re q u ir in g  th re e  s e ts  o f  
s ix  to  t e n  r e p e t i t i o n s  in  w eigh t t r a in in g  m ight be su sp ec ted .
IV. CONCLUSIONS
W ith in  th e  l im i ta t io n s  o f  t h i s  s tu d y , th e  fo llo w in g  conclu­
s io n s  were made:
1 . I so m e tr ic  t r a in in g  a t  a  95° ang le  o f  knee e x ten s io n  
p ro v ed  s u p e r io r  to  iso m e tr ic  t r a in in g  a t  125° and 155° 
o f  knee ex ten s io n  in  a ch iev in g  iso m e tr ic  s tr e n g th  g a in s  
a t  t h e  95° an g le . However, iso m e tr ic  e x e rc is e  a t  any o f  
th e  th r e e  an g le s  p roved  e q u a lly  e f f e c t iv e  in  b rin g in g  
ab o u t iso m e tr ic  s tr e n g th  g a in s  a t  125° and 155 A ll 
t r a i n i n g  program s were in  c o n ju n c tio n  w ith  a  p h y s ic a l 
e d u c a tio n  a c t i v i t y  c l a s s .
The above co n c lu sio n  le a d s  to  th e  fo llo w in g  s ta tem en t: 
P o s i t io n  s p e c i f i c i t y  o f  iso m e tr ic  s tre n g th  g a in s  was 
e x h ib i te d  on ly  a t  th e  95° ang le  o f  knee ex te n s io n  
in d ic a t in g  th a t  e x e rc is e  should be undertaken  a t  th a t  
p o in t  in  th e  range o f  m otion i f  s tr e n g th  must be e x e r te d  
a t  t h a t  an g le . To develop  s tr e n g th  a t  th e  125° o r  155° 
a n g le  o f  knee e x te n s io n , iso m e tr ic  e x e rc is e  may be 
u t i l i z e d  a t  e i t h e r  th e  95° 3 125°> o r  155° an g le  o r  
i s o to n ic a l ly  in  th e  90° th rough  180° range  o f  m otion in  
knee e x te n s io n .
2 . I s o to n ic  t r a in in g  in  a  90° th ro u g h  180° range  o f  m otion
o f  knee e x te n s io n  was s ig n i f i c a n t ly  s u p e r io r  to  th e  th re e  
iso m e tr ic  t r a in in g  p o s i t io n s  a t  95°, 125° ,  and 155° combined 
in  develop ing  is o to n ic  knee e x te n so r  s tre n g th  th ro u g h  th e  
same range o f m otion . However, a l l  o f  th e  th re e  iso m e tr ic  
t r a in in g  te c h n iq u e s  d id  improve is o to n ic  knee e x te n so r  
s tre n g th  in  th e  90° th rough  180° range o f  m otion . A ll 
t r a in in g  program s were in  c o n ju n c tio n  w ith  a  p h y s ic a l  
ed u ca tio n  a c t i v i t y  c la s s .
V e r t ic a l  jumping a b i l i t y  was s ig n i f i c a n t ly  improved by th e  
th re e  iso m e tr ic  t r a in in g  te c h n iq u es  a t  95°» 125“» and 155° 
a n g le s  o f knee e x te n s io n  and th e  is o to n ic  t r a in in g  in  th e  
90° th rough  180° range o f  m otion o f  knee e x te n s io n .
However, no t one o f  th e  t r a in in g  te ch n iq u e s  proved 
s u p e r io r  to  any  o th e r  te ch n iq u e  in  develop ing  v e r t i c a l  
jumping a b i l i t y .  A ll t r a in in g  program s were in  co n ju n c tio n  
w ith  a  p h y s ic a l  ed u ca tio n  a c t i v i t y  c la s s .
V. RECOMMENDATIONS FOR FURTHER STUDY
A s e r ie s  o f  s im i la r  s tu d ie s  y ie ld in g  f in d in g s  on th e  m ajor 
m uscle groups o f  th e  human body.
A. study  com paring iso m e tr ic  s tr e n g th  a t  a  s p e c if ic  p o in t  
in  a  range o f  m otion to  is o to n ic  s tre n g th  th rough  a  20° 
range of m otion] 10° on each s id e  o f th e  iso m e tr ic  s tre n g th  
t e s t  p o in t .
. A s tu d y  to  compare th e  e f f e c t s  o f  a  p ro g re s s iv e  in c re a se  
o f iso m e tr ic  s tre n g th  t r a in in g  p o s i t io n s  in  a  range o f 
m otion upon iso m e tr ic  s tr e n g th  a t  one p o s i t io n  in  th e  same 
range o f  m otion and is o to n ic  s tre n g th  th rough  a  range o f  
m otion s t a r t i n g  and ending  a t  th e  extrem e iso m e tr ic  
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APPENDIXES
APPENDIX A
INITIAL AND FINAL 95° ANGLE ISOMETRIC TEST SCORES OF THE FIVE TRAINING GROUPS
Sub.lect
Group I  
95° Isom etric
Group I I  
125° Isom etric
Group I I I  
155° Isom etric
Group IV 
Iso to n ic
Group V 
Control.
I n i t i a l
Test
F in a l
T est
I n i t i a l
Test
F in a l
Test
I n i t i a l
Test
F in a l
Test
I n i t i a l
Test
F in a l
Test
I n i t i a l
Test
F in a l
Test
1 60 100 n o 105 90 80 120 105 85 80
2 n o 125 90 105 125 125 70 65 90 100
3 85 100 160 155 130 125 n 5 100 160 120
4 n o 105 155 155 75 80 30 50 125 n s
5 125 130 80 100 80 70 90 90 90 60
6 100 100 100 90 100 n o 50 60 140 95
7 85 85 130 130 85 80 70 70 95 70
8 140 140 130 150 80 75 75 75 145 140
9 85 100 70 60 120 90 90 90 65 45
10 145 140 145 150 95 80 105 n s n o 90
11 85 125 105 90 n 5 115 65 75 100 80
12 95 105 105 120 125 - 95 145 125 n o n o
13 100 100 110 85 n o IOC 80 80 n o 100
14 55 55 80 65 140 130 65 75 95 95
15 130 125 70 55 90 60 120 150 90 65
16 160 175 70 90 130 n o 120 100 100 90
17 75 90 100 120 125 130 55 60 55 80
18 100 n o 120 115 90 n o n o 140 100 100
19 105 120 80 90 n o n o 130 140 120 115
20 100 130 55 6 5 110 125 135 160 70 60
21 170 180 125 120 90 80 85 110 130 140
22 120 115 65 70 70 90 95 n o 145 150
23 105 130 n o 120 120 130 n s 130 70 70
24 100 1 3 . 150 „ IAO 120 120 .,125 _,  . 3 3 5 - 125_ 140All scores recorded to the nearest 5 pounds
APPENDIX B
INITIAL AND FINAL 125° ANGLE ISOMETRIC TEST SCORES OF THE FIVE TRAINING GROUPS
Sub.iect
Group I  
95° Iso m etric
Group I I  
125° Isom etric
Group I I I  
155° Isom etric
Group IV 
Iso to n ic
Group V 
C on tro l
I n i t i a l
Test
F in a l
Test
I n i t i a l
T est
F in a l
T est
I n i t i a l
T est
F in a l
Test
I n i t i a l
T est
F in a l
T est
I n i t i a l
T est
F in a l
T est
1 390 350 300 385 160 390 310 490 215 400
2 240 390 220 405 375 585 210 300 290 440
3 325 480 365 540 245 435 350 450 260 430
4 430 560 415 600 225 430 140 310 270 585
5 295 500 350 530 320 560 420 550 275 310
6 220 500 390 490 385 410 150 370 280 280
7 260 265 360 550 335 400 245 355 310 375
8 410 570 410 475 295 500 195 450 470 485
9 300 500 270 485 295 460 295 400 190 265
10 205 320 380 490 335 420 410 490 290 425
11 410 400 305 465 190 400 350 580 210 325
12 380 280 390 455 390 220 350 540 380 240
13 425 535 370 330 280 280 260 250 405 325
14 200 330 235 480 390 610 240 250 360 310
15 410 415 320 360 390 495 340 410 205 230
16 310 460 280 345 440 580 350 410 290 340
17 335 295 310 570 450 405 160 250 150 130
18 295 270 395 505 450 470 280 280 425 300
19 450 490 400 420 335 380 380 540 280 320
20 390 425 270 300 2 55 335 300 550 305 255
21 410 540 350 460 360 515 265 330 425 565
22 390 340 410 580 250 400 280 320 470 520
23 180 390 440 580 305 310 230 350 240 255
24 225 .370 — .230 „ 485 290 420 250 320 400 275
All scores recorded to the nearest 5 pounds
APPENDIX C
INITIAL AND FINAL 155° ANGLE ISOMETRIC TEST SCORES OF THE FIVE TRAINING GROUPS
Sub.lect
Group I  
95° Iso m etric
Group I I  
125° Iso m etric
Group I I I  
155° Iso m etric
Group IV 
Iso to n ic
Group V 
C on tro l
I n i t i a l
T est
F in a l
T est
I n i t i a l
T est
F in a l
Test
I n i t i a l
T est
F in a l
Test
I n i t i a l
Test
F in a l
T est
I n i t i a l
T est
F in a l
Test
1 640 925 870 1250 695 730 810 985 750 680
2 510 985 775 885 775 1150 855 880 650 1065
3 580 1140 715 1135 740 805 825 860 890 1610
4 975 990 615 1350 740 785 350 765 950 1435
5 700 1155 950 1035 840 1225 810 985 555 1035
6 715 975 710 780 880 1005 750 1090 920 1040
7 815 955 805 1700 835 1170 780 860 1070 1320
8 1010 1215 805 1390 700 1030 805 850 920 1215
9 810 955 600 775 960 1120 710 965 670 590
10 1140 1030 970 1155 970 975 755 905 990 920
11 615 1205 835 1045 945 990 860 960 1060 1135
12 745 1200 635 1220 820 1150 1010 1650 920 915
13 840 1190 825 740 1230 1605 530 750 940 1025
14 890 640 900 1150 745 1435 930 1330 700 915
15 425 805 280 835 590 750 725 1265 615 820
16 830 1100 630 655 600 890 900 915 600 800
17 430 690 950 1220 1010 1400 865 1050 765 795
18 580 840 790 945 695 1115 700 1305 915 1265
19 970 925 1050 1010 700 1195 680 1090 875 1000
20 845 825 570 800 1055 1125 1325 1830 690 780
21 1180 1315 870 945 720 965 650 830 990 1210
22 810 1050 820 960 680 900 645 905 1095 1475
23 885 1265 830 1085 905 1225 965 980 750 895
„_24 -  - 580 775 860 1390 .... m . 1450 925 1090 740 840All scores recorded to the nearest 5 pounds
APPENDIX D
INITIAL AND FINAL ISOTONIC TEST SCORES OF THE FIVE TRAINING GROUPS
S ubject
Group I  
95° Isom etric
Group I I  
125° Isom etric
Group I I I  
155° Isom etric
Group IV 
Iso to n ic
Group V 
C ontrol
I n i t i a l
T est
F in a l
Test
I n i t i a l
Test
F in a l
T est
I n i t i a l
Test
F in a l
Test
I n i t i a l
Test
F in a l
T est
I n i t i a l
Test
F in a l
Test
1 137 177 167 177 157 177 147 217 147 177
2 207 227 137 157 207 217 137 177 147 177
3 217 187 187 227 207 217 177 197 207 207
4 177 207 217 267 137 177 77 147 157 227
5 177 217 167 207 147 177 207 237 127 137
6 187 207 167 187 167 187 137 177 147 167
7 137 187 227 267 137 147 117 187 137 147
8 187 227 197 227 137 167 137 197 207 207
9 167 187 127 137 177 197 167 197 127 147
10 197 207 237 317 137 157 177 207 157 157
11 147 177 187 177 177 177 167 227 157 207
12 157 157 187 197 167 197 227 317 167 187
13 167 217 177 187 197 207 157 207 157 167
14 97 137 107 157 237 277 157 167 197 177
15 167 207 127 167 127 127 187 257 117 147
16 187 227 117 187 157 197 187 287 177 177
17 117 127 157 187 227 257 177 207 107 157
18 147 157 177 227 127 177 167 227 127 137
19 187 207 87 157 167 207 197 297 197 217
20 157 187 137 157 207 227 217 247 157 157
21 207 237 177 207 157 157 127 227 217 217
22 167 207 157 167 157 177 127 :o ? 207 237
23 147 187 237 257 167 177 187 217 117 127
24. 147.., m . .  187 217 .,.,..147 . 187 167 247. . 157All scores recorded to the nearest 10 pounds
100
APPENDIX E
INITIAL AND FINAL VERTICAL JUMP TEST SCORES OF THE FIVE TRAINING GROUPS
Subject
Group I  
95° Isom etric
Group I I  
125° Isom etric
Group I I I  
155° Isom etric
Group IV 
Iso to n ic
Group V 
C ontro l
I n i t i a l
Test
F in a l
Test
I n i t i a l
T est
F in a l
Test
I n i t i a l
Test
F in a l
Test
I n i t i a l
Test
F in a l
Test
I n i t i a l
T est
F in a l
Test
1 18.25 19.00 15.50 18.25 18.00 16.75 18.50 17.75 17.50 18.25
2 16.50 15.75 15.25 15.50 18.25 17.25 21.00 20.75 20.75 20.75
3 18.00 17.50 21.50 20.25 18.25 18.75 15.25 17.00 18.00 17.00
4 22.00 22.75 20.00 22.25 17.00 18.00 17.50 17.50 18.75 19.25
5 24.25 24.50 16.00 16.50 15.25 16.75 18.25 18.00 18.25 18.00
6 18.25 18.50 18.50 18.50 15.00 16.50 15.00 16.00 19.50 19.25
7 18.00 19.25 21.50 24.75 16.50 16.75 18.00 19.00 20.25 17.00
8 16.50 17.00 19.75 18.50 16.75 17.75 16.50 16.00 16.75 19.50
9 17.50 17.75 16.75 18.25 18.25 18.50 16.50 18.50 15.75 15.25
10 18.00 20.50 22.25 22.00 15.75 15.75 18.25 19.00 16.25 17.75
n 18.25 20.25 18.25 19.00 15.50 19.75 15.50 16.50 17.75 19.50
12 17.00 18.00 ■ 17.25 18.25 19.50 19.25 23.00 23.50 17.00 19.25
23 19.50 20.50 18.00 19.00 18.00 19.50 15.00 15.00 19.75 20.00
14 16.00 16.25 16.50 18.25 19.00 19.25 18.75 19.00 20.25 20.75
15 19.25 20.00 13.00 12.25 18.00 17.00 21.75 21.75 20.00 19.50
16 14.00 14.50 14.00 16.00 19.00 20.25 17.25 18.25 15.50 16.25
17 14.75 16.50 19.25 20.50 17.75 16.50 16.75 18.75 11.00 11.00
18 17.50 16.25 18.50 18.25 17.25 17.00 17.75 15.50 17.50 18.75
19 19 . $0 19.25 17.00 16.50 17.50 19.00 17.25 17.00 19.75 20.50
20 16.50 17.75 14.00 15.25 17.50 18.25 16.50 16.00 18.50 18.00
21 18.00 20.00 15.00 18.00 18.00 19.00 19-75 20.25 19.75 20.75
22 18.75 18.75 18.75 20.50 19.75 20.50 16.25 17.00 20.50 20.25
23 18.25 18.00 16.00 16.25 16.50 17.75 20.00 21.00 19.00 18.00
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